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GENERAL INTRODUCTION 
S. enterica contamination of meat is a growing concern for the pork industry. 
Previous studies have estimated that 1.4 million cases of nontyphoidal S. enterica occur each 
year in the United States and about 1.3 million are thought to be foodborne. Forty to seventy 
percent of midwestem market swine are positive for S. enterica infection after transportation 
and holding. An overall S. enterica prevalence in cull sows is needed due to outdated 
research and to determine if cull sows pose a food safety risk for human salmonellosis. 
Meat from cull sows may be a potentially greater risk for foodborne S. enterica 
contamination than meat from market hogs. Previous cull sow studies have shown an 
increase in S. enterica prevalence from farm to abattoir as well as a higher prevalence in cull 
sows (58%) when compared to market hogs (31%). Chopped meat batches and retail pork 
products from sows have around a 10% contamination rate with S. enterica. Improper 
handling and cooking of this meat product could add to the risk of S. enterica contamination 
in pork and thus may increase the human health risk for salmonellosis since most cull sow 
meat is sold as processed pork. One way to reduce the S. enterica prevalence of sows might 
be to minimize their pen exposure time to S. enterica either at the live hog market (buying 
station) or at abattoir holding pens. 
Typically, market weight swine are in holding pens between 6-8 h and sometimes 
overnight, depending upon their arrival at the abattoir. A 2-h holding period after arrival at 
the abattoir is recommended to improve meat quality in market weight swine. In contrast, 
since most cull sow meat is sold as chopped meat, meat quality and holding is not as 
important as in market hogs. However, cull sows are usually held at live hog markets 
overnight and at the abattoir for various intervals until a full shipment is procured. Live hog 
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markets are used because meat processors who use cull sows buy sows, which meet their 
specific criteria, such as body conformation and appearance. Therefore, cull sows are sent to 
a central buying station for meat processors to select what sows they want and need. Since 
cull sows could be infected with S. enterica at any point in the transportation and holding 
process, an epidemiological tool, such as antimicrobial resistance profiles, may potentially 
help determine the origin of S. enterica serovars isolated from the chopped meat batch. 
There are over 2,400 S. enterica serovars. Common host-specific serovars are S. 
typhi (human), S. choleraesuis (swine), S. dublin (cattle), and S. gallinarum (poultry). Also, 
many other serovars are able to infect a variety of hosts: S. typhimurium, S. enteritidis, and S. 
derby. The virulence of the various serovars is at least partially determined by their ability to 
invade host cells. However, it is not know if all these zoonotic serovars are equally invasive 
or if they invade cells at a different level. Invasiveness has been studied, but only with a few 
specific serovars (S. typhimurium, S. typhimurium DTI04, S. choleraesuis, S. dublin, and S. 
senftenberg). However, none of these studies have compared serovars isolated from different 
animal tissues to see if they are different among each other. Also, it is not known if serovars 
isolated from different tissues will be higher or lower in their ability to be invasive. 
The overall objectives of this research were to first determine the overall prevalence 
of S. enterica in a given population of cull sows, secondly to apply control measures to lower 
the prevalence of S. enterica, thirdly was to use epidemiological tools to investigate the 
origin of S. enterica serovars isolated from the farm, live hog market, and abattoir, and lastly 
to determine invasiveness of S. enterica serovars isolated from cull sow feces, tissues, and 
environmental samples, as measured by an invasion assay. 
3 
Dissertation Organization 
This dissertation is composed of a general introduction and literature review followed 
by four chapters written as individual papers for publication. Each chapter has its own set of 
objectives, literature review, material and methods, results and discussion section. 
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CHAPTER 1. LITERATURE REVIEW 
Salmonella enterica 
General 
S. enterica is a facultatively anaerobic, gram-negative, rod-shaped bacterium that 
grows optimally at 37°C. S. enterica is a ubiquitous pathogen that can cause salmonellosis in 
humans and animals. It belongs to the Enterobacteriaceae family. Most of the serovars are 
motile by peritrichous flagella; however there are nonflagellated variants (J20). 
Salmonellae have a typical gram-negative outer membrane that contains 
lipopolysaccharide (LPS) (endotoxin). The endotoxin consists of three components. The 
first component is the outer O-polysaccharide. The repeating sugar units in the O-
polysaccharide are responsible for O-antigen specificity (64). The middle portion of the LPS 
structure is called the core. The core is more conserved among gram-negative bacteria 
compared to the O-polysaccharide coat. Therefore, antibodies directed against the core may 
protect against subsequent infections by other salmonellae or gram-negative bacteria sharing 
a common core structure (36). The inner portion of the LPS is composed of Lipid A. The 
Lipid A is the toxic portion of LPS (61). Overall, endotoxins are important virulence factors 
for gram-negative bacteria because they can cause fever and activate the serum complement 
pathway, kinin, and clotting systems (22). 
Virulence 
To be fully pathogenic, salmonellae must possess a variety of virulence factors. Some 
of these virulence factors include: the ability to invade cells, a complete lipopolysaccharide 
coat, and the ability to replicate intracellular^ (40). LPS is thought to be an important 
virulence factor of the organism (61,64). Salmonellae that have a complete O-antigen 
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polysaccharide appear visually smooth when growing on agar plates. Salmonellae that lack 
the O-antigen appear rough on agar plates and are considered avirulent or less virulent than 
the smooth strains because they allow lysis by the host complement system (63,64). C5b-9 
of the complement membrane attack complex (MAC) forms too far from the hydrophobic 
regions of the outer membrane. The MAC is then shed without disrupting membrane 
integrity (64). 
Many salmonellae carry large plasmids (50-90 kb) that are associated with virulence 
(47). A highly conserved region of these plasmids contains five genes designated spvRABCD 
(71). These genes are on 8 kb of DNA (119). Studies have shown that these genes are able 
to restore wild-type levels of virulence to plasmid-deleted strains (119). Expression of the 
plasmid virulence genes is regulated by environmental conditions. Sequence analysis of 
spvR found that SpvR was a member of the LysR family of positive regulatory elements 
(53,94). The SpvR has been shown to positively regulate the expression of some or all of the 
spv genes (12). This induction is highest when bacterial cultures enter the stationary or 
starvation phase of growth (32). Most cases of human nontyphoidal bacteremia are caused 
by serovars that contain the spv genes (37). 
In vivo experiments suggest that the spv genes enhance bacterial replication in 
macrophages (48). In human macrophages, spv gene expression is required for induction of 
cytotoxicity characterized by cell detachment and eventual apoptosis (76). The spvB gene 
within the spv operon has been shown to be essential for the spv virulence phenotype (99). 
The spvB gene encodes a 65.6-kDa protein that modifies actin and blocks polymerization of 
F-actin filaments (75). 
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Culture Methods 
Methods for culturing salmonellae vary among laboratories. However, there are 
typically five basic steps for culturing salmonellae: preenrichment, selective enrichment, 
selective plating, biochemical screening, and serological identification (serotyping) (3,23). 
Usually, depending on what culture technique one selects, the salmonella culture process 
takes anywhere from 4 to 7 days for a presumptive positive result. Definitive identification 
requires that the culture be serotyped (3,116). 
The first culture step is usually a pre-enrichment (2). Typically, the pre-enrichment 
step involves the use of a non-selective broth to allow the repair of injured or stressed 
salmonellae, which could be encountered in foods or animal tissues (2). One typically uses a 
1:10 dilution of sample to pre-enrichment broth (23). An increase in sample weight (lg vs. 
10g of feces) has been shown to improve salmonellae detection (27). Non-selective broths 
include lactose broth and buffered peptone water (BPW) (2,20,90). However, the use of 
selective pre-enrichment media is not uncommon for culturing salmonellae (56,57). Using a 
selective pre-enrichment inhibits the growth of non-salmonellae in highly contaminated 
samples at the initial step, while allowing salmonellae to grow unrestrictedly. Selective pre-
enrichments include GN Hajna and Tetrathionate broths (24,66). Usually, the pre-
enrichment medium is incubated for 18-24 hrs at 35°-37°C (low temperature) or 40°-42°C 
(high temperature) (20). 
Following pre-enrichment, portions of the broth culture are generally inoculated into 
one or more selective enrichment media usually at a 1:100 dilution (3,23,109). Selective 
enrichment media include Rappaport-Vassiliadis (RV), Tetrathionate, various types of 
Selenite, and GN Hajna (3,4,89,107,113,116). Usually, the enrichment medium is incubated 
for 18-24 hrs at 35°-37°C or 40°-42°C (20). Others have tried to shorten the selective 
enrichment process to 6h with very poor results (21) .  
It is not unusual for a secondary enrichment to be employed, where a portion of the 
enrichment culture is transferred into a fresh enrichment broth and incubated for another 18-
24 hr at low or high temperatures (116). The delayed secondary enrichment (DSE) has been 
practiced in the poultry industry. This a process whereby enrichment cultures are left at 
room temperature for 5 days after the initial 24 hr incubation period. Then a portion of the 
enrichment culture is transferred into a fresh enrichment broth and incubated for 24 hr at 37° 
C (115,116). This method has been shown to increase the detection of salmonellae (27). 
Motility can be used as a means for selectively culturing salmonellae. Modified 
semi-solid Rappaport-Vassiliadis medium (MSRV) uses motility as a selective agent for 
enrichment in culturing salmonellae (28,120). The selectivity of the medium is based on the 
ability of salmonellae to migrate through the highly selective semi-solid gel and the 
incubation temperature of 42° C (120). Lastly, the addition of Novobiocin (an antibiotic used 
to depress the growth of gram-positive bacteria) to pre-enrichment and enrichment broths has 
been shown to improve the detection of salmonellae (60). 
The next step is to take a small amount of medium from the enrichment and streak it 
onto one or more selective plating media (J). Most selective plating media test for lactose 
fermentation and/or hydrogen sulfide production for identification and work in combination 
with various concentrations of inhibitors (3). Selective plating media include xylose-lysine-
desoxycholate (XLD), bismuth sulfite (BS), Hektoen enteric (HE), brilliant green with 
supplemental novobiocin (BGN) and xylose-lysine-Tergitol-4 (XLT-4) 
(3,23,42,86,104,109,116). However, there are non-selective plating media that identify 
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salmonellae biochemically and they include CHROMagar and Rambach (J, 78,96). Usually, 
the selective plating media are incubated for 18-24 hrs at 35°-37°C (20). Presumptive 
identification is based on typical colony appearance and definitive identification must be 
established with conventional biochemical and serological testing. 
Colonies that appear to be salmonellae on selective plating media, can then be 
screened biochemically by many differential tests to reduce the number of isolates for 
serotyping. Biochemical tests may include incubating suspect colonies into triple sugar iron 
(TSI) and lysine iron agar (LIA) (18,116). Usually, the biochemical screening media is 
incubated for 18-24 hrs at 35°-37°C (27). 
Cultures that appear to be salmonellae after selective plating and biochemical 
screening can then be serotyped (3,116). Serotyping involves serological identification of the 
somatic antigens found on the cell wall and the H (flagellar) antigens (3). Briefly, the cell 
wall antigen (somatic or O-antigen) is first identified in a saline suspension of cells mixed 
with antisera in a slide agglutination test. The flagellar (H) antigen is then determined by use 
of formalin-killed broth culture mixed with antisera in a tube agglutination test. Absorbed 
single-factor antisera are used to confirm the specific antigens in O and H tests (11). 
Typically, samples to be serotyped are sent to the National Veterinary Services Laboratory 
(NVSL) in Ames, IA (11,56,57). 
Rapid Detection Culture Methods 
Considerable efforts have been invested in the development of techniques that permit 
rapid and reliable detection of salmonellae. These methods include polymerase chain 
reaction (PCR), real-time PCR, and enzyme linked immunosorbant assay (ELISA) 
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(5,10,41,72). These rapid methods can be used in combination with certain culture 
techniques such as non-selective pre-enrichment and/or selective enrichment (J, 79,93). 
One of the rapid detection methods is by PCR. PCR detection of salmonellae can be 
accomplished within 24 hrs with a short non-selective pre-enrichment step (79). PCR 
methods have been shown to be more sensitive compared to the culture method (41). Most 
PCR methods target the invA gene (or a conserved gene) in salmonellae that is essential for 
invasion (1,41,93). However, if an isolate of salmonellae doesn't have the invA gene, false 
negatives can occur. 
Another rapid detection method is real-time PCR. This method allows the 
simultaneous detection of more than one food-bome pathogen by the use of select dyes (9) or 
probes of the sipC, spaQ and invE genes (72). Real-time PCR can detect salmonellae within 
24 hrs with a sensitivity and specificity of 100% and 98.2%, respectively compared to 
standard culture methods (72). 
Rapid enzyme-linked immunosorbent assay (ELISA) test kits can be used in 
conjunction with selective and non-selective pre-enrichment with or without a selective 
enrichment (5,34,98). The ELISA technique is based on the detection of salmonella antigens 
by polyclonal or monoclonal antibodies that are conjugated with an enzyme. After 
incubation with an enzyme substrate, the resulting color reaction is measured in a photometer 
at a wavelength specific to the combination of enzyme and substrate or by eye (34,98). 
Salmonellosis 
Symptoms 
The most typical non-typhoidal salmonellosis in humans is usually self-limiting food 
poisoning or enteritis (95). Symptoms, depending on dose of salmonellae ingested, usually 
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begin 8 to 72 hours after ingestion of contaminated food or water (22). Typical nontyphoidal 
salmonellosis usually takes the form of nausea, vomiting, diarrhea, and abdominal pain, but 
is usually self-limiting (55,122). Myalgia and headache are common; however, the most 
common symptom is diarrhea. Fever (38°C to 39°C) and chills are also common. At least 
two-thirds of patients complain of abdominal cramps (92). The duration of fever and diarrhea 
varies, but usually lasts between 2 to 7 days (22). Successful treatment of uncomplicated 
cases of enteritis may require only supportive therapy, such as fluid and electrolyte 
replacement (55). However, when the infection spreads beyond the intestinal tract, 
appropriate therapy with antimicrobials such as ciprofloxacin in adults and ceftriaxone in 
children may be life saving (46). 
Enteric fevers are severe systemic forms of salmonellosis, caused by typhoid and 
paratyphoid strains (55). Typhoid fever is caused by S typhi. The symptoms begin after an 
incubation period ranging from 7 to 28 days (95). Gastroenteritis may precede enteric fevers, 
which usually resolve before the onset of the systemic disease. The symptoms of enteric 
fevers are nonspecific and include diarrhea, fever (prolonged and spiking), abdominal pain, 
and headache (92). Enteric fevers are severe infections and may be fatal if antibiotics are not 
promptly administered. The treatment of enteric fever is based on supportive therapy and/or 
the use of chloramphenicol, ampicillin, trimethoprim-sulfamethoxazole or other 
antimicrobials to eliminate the systemic infection. 
Food Safety 
In the United States, it is estimated that 1.4 million cases of nontyphoidal S. enterica 
infection occur each year and 1.3 million are thought to be foodborne (84). Also, it is 
estimated that 16,000 hospitalizations and 600 deaths occur each year of which 15,600 and 
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500 are thought to be foodborne, respectively (84). Moreover, the United States Department 
of Agriculture (USD A) estimated a $600 million to $3.5 billion cost for medical and 
productivity losses each year for S. enterica infections (38). 
Meat from cull sows may be a potentially greater risk for foodborne S. enterica 
contamination because most cull sow meat is sold as processed pork. Nearly 100% of whole 
hog sausage meat, which includes bratwurst, pepperoni and other specialty sausages, is from 
cull sows or boars. Chopped meat batches (73) and retail pork products (30) from sows have 
approximately a 10% contamination rate with S. enterica. Improper handling and cooking of 
these meat products could add to the risk of S. enterica contamination and thus may increase 
the human health risk for salmonellosis. 
Swine Health 
Forty to seventy percent of midwestem market swine are positive for S. enterica after 
transportation and holding (57,83). Overall, pork plants have lower microbial HACCP 
compliance rates than poultry, ground beef, or cow and bull harvest plants (39). 
An investigation reported a 20-fold increase in isolation rates (3.4% vs. 71.8%) when 
farm (3.4%) and abattoir-collected samples (71.8%) were analyzed (57). The effects of 
transport and lairage on the S. enterica prevalence were compared in 600 market swine. 
They slaughtered 300 pigs on six Iowa farms. Then 300 control pigs were transported 
(approx. 169 km) and slaughtered at a common abattoir (83). There was an abattoir 
prevalence of 39.9% compared to the on-farm prevalence of 5.3%. 
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Epidemiological Markers 
Serotyping 
The genus Salmonella contains two species and over 2,400 serotypes (Table 1). The 
two Salmonella species are Salmonella enterica and Salmonella bongori. Salmonella 
enterica is divided into six subspecies with over 2,400 serovars. Salmonella bongori 
contains only 20 different serovars. After biochemical identification of salmonellae (Table 
2), serotyping can then be used for differentiation. Antigens used for serotyping include 
somatic (O) lipopolysaccharides on the external surface of the bacterial outer membrane and 
flagellar (H) antigens associated with peritrichous flagella. Flagellar antigens may occur in 
either or both of two forms, called phase 1 and phase 2. The capsular (Vi) antigen occurs on 
the surface of the outer membrane and is present in S. enterica serovars Typhi, Paratyphi C, 
and Dublin (11). 
Antisera can be used to differentiate salmonellae from each other and categorize them 
into serogroups (11). Each serogroup will contain many serovars. Another useful tool to 
identify salmonellae by antigenic analysis is by determining the H antigen (11). Serotyping 
can be very useful in epidemiological studies and investigations such as those conducted by 
public health officials to find, trace, and break the transmission of the organism between 
humans, between humans and animals, and between animals (5). 
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Table 1. Salmonella nomenclature (11) 
Salmonella species and subspecies Number of serovars 
S. enterica subspecies enterica (I) 1,454 
S. enterica subspecies salamae (II) 489 
S. enterica subspecies arizonae (Ilia) 94 
S. enterica subspecies diarizonae (Mb) 324 
S. enterica subspecies houtenae (IV) 70 
S. enterica subspecies indica (VI) 12 
S. bongori (V) 20 
Total 2,463 
Table 2. Biochemical Characteristics of Salmonellae (6) 
Characteristic Usual Reaction 
Catalase + 
Oxidase 
Acid produced from lactose 
Gas produced from glucose* + 
Indole 
Urease produced 
Hydrogen sulfide produced from triple sugar iron agar + 
Citrate utilized as sole carbon source* + 
Methyl red + 
Voges-Proskauer 
Lysine decarboxylase + 
Ornithine decarboxylase + 
+ = positive reaction 
- = negative reaction 
* = an important exception is Typhi which is negative in these tests 
Invasion/Pathogenesis 
Some serovars appear to show a degree of host-adaptation and primarily infect one 
animal species. They also tend to cause more severe illness than the other serovars. For 
example, S. typhi and S. paratyphi organisms produce enteric fever in humans; S. 
choleraesuis produces septicemia in swine. In contrast, some serovars such as S. 
typhimurium and S. enteritidis are able to infect multiple animal species. In general, more 
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serious salmonellosis occurs in infants, in elderly adults and in immunocompromised 
individuals. 
Most non-typhoidal salmonellae enter the body when contaminated food of animal 
origin is ingested. However, fruits, vegetables, water, and person-to-person spread of 
salmonella also occurs. After ingestion, salmonella need to pass through the low pH of the 
stomach (13,40). After the stomach, they are then able to colonize the ileum, cecum, and 
colon. They also invade the intestinal epithelium, and access systemic sites such as the 
spleen and liver through the lymphatic and blood circulation (13). 
The mechanism by which salmonellae invade the epithelium involves an initial 
binding to specific receptors on the epithelial cell surface followed by invasion (55). The inv 
(invasion) locus in S. enterica is of major importance in the invasion mechanism. The inv 
locus triggers two profound changes in enterocytes and M cells located in the follicle-
associated epithelium of Peyer's patches. These two changes are Ca2+ influx and 
cytoskeleton rearrangement in the targeted host cells (92). Salmonellae that adhere to 
enterocytes and M cells promote the influx of luminal Ca2+ into the cell. This is an important 
signal that causes actin polymerization (43). Salmonellae then deliver invasion proteins 
SipA, SipB, SipC, SptP, SopE2, and SopB to the cells (17). These proteins cause the host 
cell to polymerize actin into microfilaments in the area of the invading pathogen (45). The 
invasion proteins SipA and SipC act as catalysts in the nucleation and subsequent 
polymerization of F-actin into microfilaments (51,123). The invasion protein SopE2 
activates a signal transduction cascade involved in cytoskeletal rearrangement (106). This 
invasion process occurs when the organisms induce the enterocyte membrane to undergo 
membrane ruffling around the pathogen and thereby to stimulate endocytosis of the 
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organisms (65). Invasion is dependent on rearrangement of the cell cytoskeleton. Attachment 
and invasion are under distinct genetic control and involve multiple genes in both 
chromosomes and plasmids. After complete internalization of salmonellae into the epithelial 
cell, membrane ruffles go back to their original states (65). 
After invading the epithelium, the organisms multiply intracellular^ and then spread 
to mesenteric lymph nodes and throughout the body by systemic circulation (13). 
Salmonellae penetrate the intestinal epithelial cells and do not escape the phagosome. Thus, 
the extent of intercellular spread and ulceration of the epithelium is minimal. Salmonellae 
escape from the basal side of epithelial cells into the lamina propria. Systemic spread of the 
organisms can occur, giving rise to enteric fever. The reticuloendothelial system confines and 
controls spread of the organism. However, depending on the serotype and the effectiveness 
of the host defenses against that serotype, some organisms may infect the liver, spleen, 
gallbladder, bones, and other organs (102). Fortunately, most serovars are killed promptly in 
extraintestinal sites, and the most common human salmonellae infection, enteritis, remains 
confined to the intestine. Invasion of the intestinal mucosa is followed by activation of 
mucosal adenylate cyclase; the resultant increase in cyclic AMP induces secretion (92). The 
mechanism by which adenylate cyclase is stimulated is not understood; it may involve local 
production of prostaglandins or other components of the inflammatory reaction. In addition, 
some salmonellae strains elaborate one or more enterotoxin-like substances, which may 
stimulate intestinal secretion. However, this is not thought to be a major virulence 
mechanism. 
After invading the intestine, most salmonellae induce an acute inflammatory response 
(95). Invasion of the mucosa causes the epithelial cells to synthesize and release various 
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proinflammatory cytokines. These evoke an acute inflammatory response and may also be 
responsible for damage to the intestine. Because of the intestinal inflammatory reaction, 
symptoms of inflammation such as fever, chills, abdominal pain, and diarrhea are common. 
Diarrhea is due to secretion of fluid and electrolytes by the small and large intestines. The 
mechanisms of secretion are unclear, but the secretion is not merely a manifestation of tissue 
destruction and ulceration. 
Various host defenses are important in resisting intestinal colonization and invasion 
by salmonellae. Normal gastric acidity (pH < 3.5) is lethal to salmonellae. In healthy 
individuals, the number of ingested salmonellae is reduced in the stomach, so that fewer or 
no organisms enter the intestine (44). Normal small intestinal motility also protects the 
bowel by sweeping ingested salmonellae through quickly. The role of host defenses in 
salmonellosis is extremely important, and much remains to be learned. 
Antibiotic Resistance 
Not all bacteria are sensitive to all antibiotics. One intrinsic factor of gram-negative 
bacteria is their LPS (63). The LPS is a barrier to hydrophobic antibiotics, and since they 
can't penetrate the LPS layer, they aren't able to reach their intracellular targets in the 
absence of specific transport mechanisms. 
Acquired resistance is from mutation or acquisition of new genetic material that 
allows sensitive bacteria to become resistant to antibiotics. Mutation of a few or many base 
pairs causing a change in amino acids in a target would be enough to allow resistance to an 
antibiotic (68,80). 
Many of the antibiotic resistance genes are carried on plasmids, transposons, or 
intégrons that can act as vectors that transfer these genes to other members of the species, as 
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well as to another genus or species of bacteria (91). Plasmids are replicons that are 
maintained as discrete, extrachromosomal genetic elements in bacteria (111). Plasmids 
usually encode traits that are not essential for bacterial viability, and replicate independently 
of the chromosome. Most plasmids are supercoiled, circular, double-stranded DNA 
molecules, but linear plasmids have also been noted (108). Many plasmids control important 
properties of pathogenic bacteria, including resistance to one or several antibiotics, 
production of toxins, and synthesis of cell surface structures required for adherence or 
colonization. Plasmids that determine resistance to antibiotics are often called R plasmids (or 
R factors) (31). 
Transposons are segments of DNA that can move from one site in a DNA molecule to 
other target sites in the same or a different DNA molecule (70). This process is called 
transposition and occurs by a mechanism that is independent of generalized recombination. 
Transposons are important genetic elements because they cause mutations, mediate genomic 
rearrangements, function as portable regions of genetic homology, and acquire new genes 
and contribute to their dissemination within bacterial populations (77). Insertion of a 
transposon often interrupts the linear sequence of a gene and inactivates it. Transposons 
have a major role in causing deletions, duplications, and inversions of DNA segments as well 
as fusions between replicons. Transposons are not self-replicating genetic elements however; 
they must integrate into other replicons to be maintained stably in bacterial genomes (100). 
Intégrons are natural vectors, gene capture and expression systems, or exogenous DNA that 
incorporate open reading frames and convert them into functional genes (49). 
Antimicrobial susceptibility testing will categorize the isolate as susceptible, 
intermediate, or resistant for qualitative results (88). The basic quantitative measures of the 
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in vitro activity of antibiotics are the minimum inhibitory concentration (MIC) and the 
minimum bactericidal concentration (MBC) (88). The MIC is the lowest concentration of the 
antibiotic that results in inhibition of visible growth under standard concentrations. The 
MBC is the lowest concentration of the antibiotic that kills 99.9% (or any level) of the 
original inoculum in a give time. 
Most antibiotics are directed against certain targets that are essential to bacteria for 
growth, survival, or both. Four proven principal targets for the main classes of antibiotics 
are: (1) bacterial cell-wall biosynthesis (peptidoglycan); (2) bacterial protein synthesis 
(ribosomes); (3) bacterial DNA replication and repair (bacterial enzymes involved in DNA 
supercoiling); and (4) cytoplasmic membrane function (114). 
Basically, antibiotics are grouped together based on mechanism of action or chemical 
structure. The p-lactam antibiotics include penicillins and cephalosporins. The (3-lactam 
antibiotics inhibit cell wall biosynthesis (118). Penicillins work by inhibiting bacterial cell 
wall synthesis. Cross-linking of the peptidoglycan chain is inhibited. This process decreases 
the ability of the bacterial cell to withstand osmotic pressure. Penicillins are most active 
against bacteria that are growing and dividing (35,85). 
Tetracyclines, which inhibit protein synthesis by binding to the 30S ribosomal subunit 
are another group of antibiotics. Tetracyclines reversibly bind to the 3 OS ribosome and 
inhibit binding of aminoacyl-t-RNA to the acceptor site on the 70S ribosome (8). Macrolides 
and lincosamids inhibit protein synthesis by binding to the 50S ribosomal subunit (68,80). 
Chloramphenicol inhibits protein synthesis by binding to the 50s ribosomal subunit. 
Aminoglycosides inhibit protein synthesis by binding to the 30S ribosomal subunit. 
Aminoglycosides irreversibly bind to the 16S ribosomal RNA and stop the 30S initiation 
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complex (30S-mRNA-tRNA) so that no further initiation can occur (97). They also slow 
down protein synthesis that has already been initiated and induce misreading of the mRNA. 
By binding to the 16S r-RNA, the aminoglycosides increase the affinity of the site for t-RNA 
regardless of the anitcodon specificity (97). Aminoglycosides are not useful for anaerobic 
(oxygen required for uptake of antibiotic) or intracellular bacteria. Aminoglycosides are 
considered to be synergistic with the (3-lactam antibiotics (52). 
Quinolones inhibit DNA replication. Quinolones bind to the A subunit of DNA 
gyrase (topiosomerase) and prevent supercoiling of DNA (54). DNA gyrase also repairs 
single stranded breaks in the DNA that occur during replication. They inhibit DNA gyrase 
by disrupting the spatial arrangement of DNA. The exposed nicks in the DNA may then be 
attacked by endonucleases, resulting in nonfunctional fragments (68). Quniolones have been 
recommended for treating invasive salmonellae infections in adults (54). 
An inhibitor of folic acid synthesis is trimethoprim. Trimethoprim binds to 
dihydrofolate reductase and inhibits the formation of tetrahydrofolic acid. Trimethoprim is 
used in combination with Sulfamethoxazole to treat certain bacteria. This combination 
blocks two distinct steps in folic acid metabolism and helps to prevent the emergence of 
resistant strains (80). 
Antibiotic Resistance in Salmonella enterica 
Multidrug-resistant isolates, primarily from beef and pork, are well documented, 
especially S. typhimurium definitive phage type 104 (DTI04) (8,52,97) and S. newport (14). 
DTI04 contains chromosomally integrated genes conferring resistance to ampicillin, 
chloramphenicol, streptomycin, sulfonamides, and tetracycline (R-Type ACSSuT) (46). 
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Moreover, the proportion of salmonella isolates exhibiting antibiotic and multidrug resistance 
to ACSSuT increased from 39% to 97% between 1979/1980 and 1989/1990 (74). 
S. newport has shown resistance to at least nine antimicrobials: 
amoxicillin/clavulanate, ampicillin, cefoxitin, ceftiofur, cephalothin, chloramphenicol, 
streptomycin, sulfamethoxazole, and tetracycline, but isolates also show decreased 
susceptibility or resistance to ceftriaxone (14). Many outbreaks of S. newport have been 
associated with beef (14). 
Pulse Field Gel Electrophoresis 
Pulse field gel electrophoresis (PFGE) allows for the separation of large DNA 
fragments (cut by restriction enzymes) by periodically alternating the direction of the electric 
field applied to the gel (62). This results in the DNA molecules being forced to alter their 
orientation to the electric field, before they can migrate foreword again. The larger the 
molecule, the longer the time required for reorientation to the new electric field. The fields 
applied to each other must be at least 90° perpendicular to each other, but can be much higher 
(103). The highest angle between the two fields that can be achieved is 180°, which is 
employed in field-inversion gel electrophoresis (103). There are two commonly used PFGE 
methods, field-inversion gel electrophoresis, which can separate molecules between 10 and 
200 kb, and contour-clamped homogenous electric field, which can resolve molecules up to 
5000kb. 
PFGE enables the investigator to separate both very large DNA fragments of several 
megabase pairs in length as well as small fragments of between 10 and 20 kb (103). PFGE 
can be used as a method for fingerprinting S. enterica isolates, which allows the ability to 
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link clonal types of S. enterica to specific animals, food or locations from outbreaks or 
epidemiological investigations (121) .  
Cull Sows 
Description 
Cull sows, which are breeding stock being sold for slaughter, tend to be transported 
greater than 10 hours or sometimes upwards of 20 hours before arriving at a slaughter 
facility. They may also arrive and be sorted in one or two different live hog markets (buying 
stations). Cull sows tend to stay overnight or for various time intervals until a full shipment 
is procured before arriving at the slaughter facility. Live hog markets are used because meat 
processors who use cull sows select certain sows, which meet their specific criteria, such as 
body conformation and appearance. Therefore, cull sows are sent to a central buying station 
for meat processors to select specific sows they want and need for their product. 
Salmonella enterica 
A prevalence of 84% was observed in a Minnesota cull sow facility when measuring 
mesenteric lymph nodes and cecal contents (110). Recently, two North Carolina breeding 
farms were surveyed by fecal culture and a prevalence of 18 and 22% was reported (26). 
These levels exceeded those found in the nursery (6%), finishers (13.5%) and gilt developer 
(3.4%) sites of this same farm production system. A comparison of cull sows and market 
weight hogs found 58% of sows slaughtered in a Georgia facility to be S. enterica positive 
compared to 31% in market weight slaughter hogs from the same area (67). The percentage 
of positive rectal swabs increased from 9% at the sale barn to 84% at the slaughter facility 
(105). 
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An increase in S. enterica prevalence from farm to abattoir has been observed 
(73,105). One possible explanation for this increase in prevalence is the time spent in 
contaminated holding pens (19,87). Hansen et al., 1964 (50) correlated the prevalence of S. 
enterica shedding to time (> 3 h) spent in holding pens before slaughter. The time spent in 
holding may result in a potentially greater risk for fbodbome salmonellae contamination due 
to extended exposure times in a contaminated environment. Few studies have been 
conducted to determine the prevalence and variety of serotypes after short-term lairage (< 3 
h). 
Lairage 
Pigs could be infected with S. typhimurium (< 2 h) after exposure to a contaminated 
environment (56,57). Rostagno et al., 2001 (98) detected salmonellae in 100% of abattoir 
holding pens after lairage. This included pens that were culturally negative for S. enterica 
before swine entry, demonstrating abattoir holding pens constitute an important source of S. 
enterica infections for swine. They reported a 20-fold increase in isolation rates (3.4% vs. 
71.8%) when farm (3.4%) and abattoir-collected samples (71.8%) were analyzed (57). A 
study compared the effects of transport and lairage on the S. enterica prevalence in 600 
market swine. They slaughtered 300 pigs on six Iowa farms. Then 300 control pigs were 
transported (approx. 169 km) and slaughtered at a common abattoir (55). They showed an 
abattoir prevalence of 39.9% compared to the on-farm prevalence of 5.3%. It is not known if 
the smaller abattoir holding pens or the pens at the live hog market present an infection 
source for cull sows. 
Typically, swine are in holding pens between 6 - 8 h and sometimes overnight, 
depending upon their arrival at the abattoir. A 2 h holding period after arrival at the abattoir 
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is recommended to improve meat quality in market weight swine (7,117). Almost the entire 
cull sow is sold as whole hog sausage, therefore meat quality and holding times are not as 
important as in market weight swine. A potential intervention to reduce the S. enterica 
prevalence in sows might be to minimize their exposure time to S. enterica either at the live 
hog market or at abattoir holding pens. Previous studies have examined the effects of lairage 
on the S. enterica prevalence in market weight hogs, but not for cull sows (19,59,87). 
Therefore, there is a need to investigate the effects of lairage on the S. enterica prevalence in 
cull sows. 
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ABSTRACT 
The objective of this study was to examine the prevalence of Salmonella enterica in 
cull sows from farm to the abattoir. Cull sows (n = 181) were sampled over 10 weeks. Fecal 
samples (10 g) were collected at the farm approximately 24 h before loading and at the live 
hog market approx. 3 h before loading. Tissue samples (ileocecal lymph node, cecal 
contents, transverse colon contents, ventral thoracic lymph node, subiliac lymph node, 
sponge swabs of the left and right carcass section, and chopped meat) were collected at the 
abattoir. The percent of positive fecal samples at the farm and the live hog market were 3% 
(5 of 181) and 2% (3 of 181), respectively. After transport from the live hog market (10 h) 
and holding at the abattoir (6 h), 41% (74 of 180) of cull sows yielded S. enterica in one or 
more sampled tissues. Total cecal content isolation rates (33 %; 60 of 180) were 
significantly (P < 0.05) higher than ileocecal lymph node (7%; 12 of 181), abattoir fecal 
(11%; 20 of 181), and ventral thoracic/subiliac lymph node (2%; 4 of 181) isolation rates. 
Before a 2% lactic acid carcass wash (8 to 9 second duration), 14% (25 of 180) of carcasses 
were positive compared to 7% (12 of 179) after the carcass wash (P < 0.05). Two S. enterica 
serotypes were found at the farm and the live hog market, Derby and Infantis. At the 
abattoir, 12 serotypes were recovered but not previously found at the farm or the live hog 
market. This study demonstrates that transport and holding practices may contribute to an 
increased S. enterica infection prior to slaughter to levels much higher than found on farm. 
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INTRODUCTION 
S. enterica contamination of meat is a growing concern for the pork industry. Studies 
have demonstrated 40-70% of midwestem market swine are positive for S. enterica infection 
after transportation and holding (5, 10). This indicates that almost half of the market swine 
harvested may be a source to contaminate resulting pork products and the abattoir 
environment. Overall, pork plants have lower microbial HACCP compliance rates than 
poul t ry ,  ground beef ,  o r  cow and bul l  harves t  p lants  (2 ) .  
Cull sows may be a potential greater risk for foodbome S. enterica contamination. 
Earlier cull sow studies demonstrated substantially higher prevalence (84%) in a Minnesota 
cull sow facility when mesenteric lymph nodes and cecal contents were compared to each 
other (15). Recently, two North Carolina breeding farms were surveyed by fecal culture and 
a prevalence of 18 and 22% was reported (1). These levels exceeded those found in the 
nursery (6%), finishers (13.5%) and gilt developer (3.4%) sites of this same farm production 
system. A comparison of cull sows and market weight hogs found 58% of sows slaughtered 
in a Georgia facility to be S. enterica positive compared to 31% in market weight slaughter 
hogs from the same area (9). In another study, the percentage of positive rectal swabs 
increased from 9% at the sale bam to 84% at slaughter facility (14). Since most cull sow 
meat is sold as ground pork, this suggests cull sows pose a high risk for S. enterica 
contamination in pork and thus may increase the human health risk for salmonellosis. 
The holding pens, where market swine are held 3 to 8 h prior to slaughter, is also 
apparently an important source for S. enterica contamination. Hansen (3) correlated the 
prevalence of S. enterica shedding to time (> 3 h) spent in holding pens before slaughter. 
Few studies have been conducted to determine the prevalence and variety of serotypes after 
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short-term lairage (< 3 h). Hurd et al. (4,6) demonstrated pigs could be infected with S. 
enterica serovar Typhimurium (< 2 h) after exposure to a Typhimurium contaminated 
environment. Rostagno et al. (13) detected salmonella in 100% of abattoir holding pens after 
lairage. This included S. enterica-negative holding pens before swine entry, demonstrating 
abattoir holding pens constitute an important source of S. enterica infections for swine. We 
reported a 20-fold increase in isolation rates (3.4% vs. 71.8%) when farm (3.4%) and 
abattoir-collected samples (71.8%) were analyzed (J). In a study to compare the effect of 
transport and lairage, we compared the S. enterica prevalence in 300 market swine 
slaughtered on six Iowa farms and 300 of their controls transported (approx. 169 km) and 
slaughtered at a common abattoir (10). We showed an abattoir prevalence of 39.9% 
compared to the on-farm prevalence of 5.3%. It is not known if the smaller abattoir holding 
pens and pens at the live hog market might present an infection source for cull sows. The 
objective of this study was to determine the prevalence of S. enterica in cull sows at the farm, 
after market and at slaughter. This will help determine if cull sows possess a greater risk of 
S. enterica pork contamination than the younger market-weight hogs. 
MATERIALS AND METHODS 
Animals. This study consisted of 5 sampling periods over 10 weeks from January-
March 2001, where up to 40 sows were selected each period. Sows originated from an 
integrated multisite production system. The test sows were selected based on body condition 
scores and weight limits set by the purchasing company. After on-farm sample collection, 
test sows were transferred to a live hog market (60 to 90 min). At the live hog market, a 
combination of swine: weaning-weight piglets, market-weight hogs, and cull sows 
(including study sows) were mixed, sorted, and remarketed based on a criteria from certain 
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buyers. These swine often spend more than 24 h at the live hog market. Study sows were 
held for 18 to 20 h in pens bedded with fresh wood shavings before fecal sample collection. 
After sample collection, sows were immediately transferred to different pens and held 2 to 3 
h before shipment to the sow harvest company. 
Sampling. Fecal samples (10 g) at the farm and live hog market were extracted 
digitally from the rectum using sterile gloves and deposited in sterile whirl-pak bags. Sample 
identification consisted of sow ear tag number at the farm and the live hog market. Sows 
were transported approx. 720 km (10 to 11 h) to the abattoir, unloaded, and held in holding 
pens for 6 to 7 h before being harvested as the first set of animals for the day. An overhead 
sprinkler was turned on to mist water over the holding pens and sows 30-60 min prior to the 
start of the shift (approx. 5:00 am) until the end of the shift (approx. 2:30 pm). 
At the abattoir, cull sows were numbered consecutively and those samples were 
identified back to the individual cull sow ear tag number. As animals were being harvested, 
we collected ileocecal lymph node (5-10 g), cecal contents (20 g), transverse colon contents 
(15 g), ventral thoracic lymph node (1-5 g), subiliac lymph node (1-5 g), and sponge swabs 
of the left and right carcass section utilizing the standard three-site USDA-FSIS procedure 
(300 cm2). Chopped meat samples, which were meat block batches consisting of approx. 5-
cm cubes, derived from seven to nine sows, were also collected. Three to six samples (350 to 
400 g) were collected for each meat block batch. All samples were placed in sterile whirl-
pak bags and transported on ice to the National Animal Disease Center, Ames, Iowa. 
Specimens were held refrigerated from arrival to testing. 
Bacteriological methods. Next day in the laboratory, 10 g of feces, colon and cecal 
contents were placed in two enrichment media: tetrathionate (T) broth and GN-Hajna (GN) 
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broth (90 ml each). All media were purchased from Becton Dickinson, Sparks, MD, unless 
otherwise noted. The ventral thoracic and subiliac lymph nodes from each carcass were 
pooled, placed in a sterile bag, and macerated with a rubber mallet. The ileocecal lymph 
nodes were treated in the same manner in separate bags, but not pooled together. Ten ml of 
peptone water (Remel, Lenexa, KS) was added to each bag and the sample was homogenized 
(1 min, 260 rpm) (Seward, London, UK). One ml of the homogenate was added to each of 
the two enrichment media (9 ml), T and GN. Carcass sponges were cut lengthwise into two 
sections and placed into each selective medium (9 ml). All inoculated media were incubated 
overnight at 37°C. 
At 24 h, the GN and T cultures were transferred (1:100) into Rappaport-Vassiliadis 
R-10 broth (24 h) and subcultured to xylose-lysine-tergitol-4 agar (XLT-4 overnight at 
37°C). Two colonies exhibiting typical S. enterica appearances were picked to triple sugar 
iron (TSI) and lysine iron agar (LIA) slants and incubated (overnight at 37°C). Presumptive 
positive isolates were further classified by agglutination with Bacto S. enterica O antiserum 
groups poly A-I and Vi, B, CI, and E (Becton Dickinson). Isolates demonstrating 
agglutination were streaked onto Rambach™ Agar (DRG International, Inc., Mountainside, 
NJ) and incubated (overnight at 37°C). One colony of typical morphology was picked to 
tryptase soy agar (TSA) slants and submitted to the National Veterinary Services 
Laboratories, Ames, Iowa, for serotyping. 
Statistical Analysis. All data were entered into a spreadsheet and statistical analyses 
were performed using JMP version 4 (SAS Institute, Cary, NC). Pearson Chi-square test was 
used to compare proportions, which were considered significantly different at P < 0.05. 
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RESULTS 
Over the five sampling periods, 181 total cull sows from 27-40 per sampling period 
were examined. S. enterica-positive sows at the farm, live hog market, and abattoir are 
summarized in Table 1. The total average percent positive fecal samples at the farm and the 
live hog market were 3% (5 of 181) and 2% (3 of 181), respectively. S. enterica was 
recovered more frequently from abattoir fecal samples (transverse colon, 11%; 20 of 181) 
than on farm (2%) and at the live hog market (3%). Total average isolation rates for abattoir 
fecal (11%) and ileocecal lymph node (7%; 12 of 181) samples were significantly (P < 0.05) 
higher than the total average ventral thoracic/subiliac lymph node isolation rate (2%; 4 of 
181). Total average cecal content isolation rates (33%; 60 of 180) were significantly (P < 
0.05) higher than ileocecal lymph node (7%), abattoir fecal (11%), and ventral 
thoracic/subiliac lymph node (2%) total average isolation rates. 
Overall, average cecal content isolation rates were the highest of all abattoir samples 
followed by the prevalence in transverse colon contents (abattoir fecal) and lowest for ventral 
thoracic/subiliac lymph nodes. In sampling period 2, cecal content isolation rate (36%; 13 of 
36) exceeded (P < 0.02) the abattoir fecal (11%; 4 of 36) isolation rate. In sampling period 3, 
the cecal content isolation rate (45%; 17 of 38) was significantly (P < 0.01) higher than 
ileocecal lymph node (16%; 6 of 38) and ventral thoracic/subiliac lymph nodes (8%; 3 of 38) 
isolation rate. In sampling period 3, the abattoir fecal isolation rate (26%; 10 of 38) was 
significantly (P < 0.05) higher than ventral thoracic/subiliac lymph nodes (8%) isolation rate. 
In sampling period 4, cecal content isolation rate (28%; 11 of 39) exceeded (P < 0.01) the 
ileocecal lymph node (5%; 2 of 40) isolation rate. In sampling period 5, cecal content 
47 
isolation rate (43%; 17 of 40) was significantly higher (P < 0.05) than both abattoir fecal 
(13%; 5 of 40) and ileocecal lymph node (8%; 3 of 40) isolation rates. 
Overall, the lactic acid wash reduced the number of S. enterica positive carcasses 
(Table 2). In sampling periods 2 and 5, total postwash carcass swab isolation rates were 
significantly (P < 0.05) lower than the total prewash rates. Overall, total average postwash 
carcass swab isolation rate (7%; 12 of 179) was significantly (P < 0.05) lower than the total 
average prewash carcass wash isolation rate (14%; 25 of 180). 
For all sampling periods, where prewash samples were positive, the left side had a 
significantly higher S. enterica isolation rate (P < 0.05) than the right side (Table 2). Overall 
and especially in sampling period 3, the postwash left side swab rate was significantly (P < 
0.05) higher than the right side. 
In sampling period 3, a high correlation (57%) was noted between the number of S. 
enterica positive sow carcasses and positive chopped meat samples (data not shown). The 
total prewash carcass swab isolation rate was 21% (8 of 38) and total postwash carcass swab 
isolation rate was 29% (11 of 38), in sampling period 3. The resulting chopped meat sample 
isolation rate was 33%(2 of 6). In sampling period 3, S. enterica prevalence for abattoir fecal 
and cecal isolation rate was 26% (10 of 38) and 45% (17 of 38), respectively. In sampling 
period 5, abattoir fecal and cecal positives were 13% (5 of 40) and 43% (17 of 40), 
respectively. Total prewash carcass swab isolation rate was 27% (11 of 40) and total 
postwash carcass swab isolation rate was 0% (0 of 39). The resulting chopped meat sample 
isolation rate was 17% (1 of 6). 
The number and diversity of serotypes recovered from each of the three sites are 
shown in Table 3. S. enterica serovars Derby (n = 3) and Infantis (n = 2) were recovered at 
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the farm and Derby (n = 3) at the live hog market. At the abattoir, 14 serotypes were 
recovered including Derby (n = 103), Infantis (n = 6), Heidelberg (n = 8), Manhattan (n = 5), 
Ohio (n = 5), Uganda (n = 5), Typhimurium (n = 5), Brandenburg (n = 2). 
DISCUSSION 
The low farm prevalence (%) we encountered from late winter to mid-spring in the 
Midwestern United States was not expected based on earlier reports (7). This could be due to 
differences in the time of year, geographical location when sampling, management practices, 
and culture protocol. To illustrate, Davies et al. (7) studied S. enterica prevalence in swine in 
late spring to mid-summer in the southeastern United States, this could account for the 
difference in results seen between that study and this study. Also, some of the previous 
studies were older, and management practices may have changed to reduce on-farm 
pathogens. In addition, our on-farm serotype diversity was minimal, with only S. enterica 
Derby and Infantis recovered. 
After approx. 18 h in the live hog market, the isolation rate was comparable to on-
farm prevalences, and Derby was the only serotype isolated. Environmental samples (pen 
swabs, bedding, water, etc.) at the live hog market were not analyzed, but we expected a high 
S. enterica load in the pens based on our earlier studies (13, 15). It was surprising that more 
serotypes and a higher prevalence were not found in the study cull sows. However, unlike 
most market swine holding pens, these pens were bedded with fresh wood shavings and only 
test animals were penned together. Wood shavings are sometimes used to reduce the 
moisture, which may have reduced environmental exposure to S. enterica in the pens. This 
reduction may also explain why only the farm serotype (Derby) was recovered at the live hog 
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market. These data suggest that dry, fresh bedding and other strategies to reduce 
environmental moisture may be useful pen-level interventions. 
The rise in prevalence between the farm (3%; 5 of 181) and abattoir (41%; 74 of 180) 
is consistent with previous studies of market swine (9,5). Reasons for this might include: the 
slaughter process, fabrication, plant sample contamination, stress (8,11), and holding at the 
abattoir (J). The first three reasons (slaughter process, fabrication, and plant sample 
contamination) are not likely due to very slow chain speeds (62 sows/h compared to 1,100 
market pigs/h). The role of stress during transport and holding cannot be ruled out. 
However, the direct effect of this short-term stress in S. enterica shedding rates has not been 
demonstrated (12). There are reports of increased isolation rates after transport, but only if 
the pigs did not fast before shipment. These investigators stated, that the stress from 
transport alone did not cause the increase in isolation rates (8). Another study showed no 
differences between pigs directly shipped and those that had the effects of stress from 
commingling, fasting, and lairage (18 h of holding in a clean, disinfected facility) (J). The 
role of holding pens, in infecting pigs just prior to slaughter has been demonstrated in market 
weight pigs, and should be investigated in cull sows (7). 
There were 12 serotypes recovered at the abattoir that were not previously 
encountered at the farm or live hog market. Of the 149 isolates from abattoir tissues, 109 
(73%) were the same serotypes isolated at the farm and live hog market. The remaining 27% 
were unique serotypes not previously isolated from these animals at either the farm or live 
hog market. Environmental samples were not collected at the holding pen at the abattoir, but 
it would be expected that there would be a variety of serotypes for these sows to acquire 
before slaughter. This would explain the 27% of serotypes not previously found at the farm 
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or live hog market. Further genotyping analysis, to differentiate specific strains of the S. 
enterica Derby and Infantis isolates at the farm, live hog market, and abattoir may indicate 
the source of these serotypes. 
In sampling period 3, S. enterica prevalences were the highest for abattoir fecal, 
cecal, total postwash carcass swabs, resulting in positive, chopped meat samples. The high 
prevalence for total postwash swabs may also explain the positive meat block samples. 
Everything was held constant for sample collection, however it looks like something in the 
slaughter process might have changed in weeks 3 and 5 compared to weeks 1, 2, and 4. 
Weeks 3 and 5 were the higher prevalence weeks for tissues sampled and were the only 
weeks where meat block samples were positive. There seems to be a threshold of positive 
tissue samples before meat block samples become positive. The fewer tissue samples that 
are S. enterica-positi\e, the less likely it seems that the meat block samples will be positive. 
Therefore, having less S. enterica-positive sows coming into the slaughter facility will 
decrease the chance of positive meat block samples at the end of the harvest process. 
The objective of this study was to examine the prevalence of S. enterica in cull sows 
at the farm, after market, and at harvest. This study demonstrates that cull sows are a 
potential source for S. enterica contamination of pork products and control measures may be 
needed. We have identified transport and abattoir lairage as sites for further investigation as 
sources of S. enterica contamination from cull sows. 
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Table 1. Percentage positive and number tested of sows at the farm, collection point and abattoir by sampling period 
1 2 
Sampling Periods 
3 4 5 Overall 
Farm Fecal (10 g) 1/27 (4%) 0/36 (0%) 2/38 (5%) 1/40 (3%) 1/40 (3%) 5/181 (3%) 
Live Hog Market 0/27 (0%) 0/36 (0%) 0/38 (0%) 1/40(3%) 2/40 (5%) 3/181 (2%) 
Fecal (10 g) 
Abattoir Fecald 1/27 (4%) 4/36(11%)*" 10/38 (26%)* 0/40 (0%) 5/40 (13%)b 20/181 (11%)' 
Ileocecal Lymph 1/27 (4%) 0/36 (0%) 6/38 (16%)bc 2/40 (5%)b 3/40 (8%)b 12/181 (7 %)c 
Node 
Ventral Thoracic and 1/27 (4%) 0/36 (0%) 3/38 (8%)b 0/40 (0%) 0/40(0%) 4/181 (2%)b 
Subiliac Lymph 
Nodes 
Abattoir Cecal 2/27 (7%) 13/36 (36%)" 17/38 (45%)" 11/39 (28%)" 17/40 (43%)' 60/181 (33%)" 
Pig Prevalence at 5/27 (19%) 16/36 (44%) 20/38 (53%) 12/39 (31%) 21/40 (53%) 74/181 (41%) 
Abattoir6 
d Feces collected from the transverse colon at slaughter 
e Consisted of abattoir fecal, ileocecal lymph node, cecal contents and ventral thoracic and subiliac lymph nodes 
a,b,c Means within a column without a common superscript letter differ (P < 0.05) 
Table 2. Percentage positive and number tested of carcass swabs (CS) and chopped meat batches1 by 
sampling period, results are shown before and after an acetic acid carcass wash 
Sampling Periods 
1 2 3 4 5 Overall 
Prewash 
Left Side CS 0/27 ( 0%) 5/35 (14%)' 5/38 (13%) 0/40 (< 0%) 9/40 (23%)' 19/180(11%)" 
Right Side CS 0/27 ( 0%) 1/36 (3%)b 3/38 (8%) 0/40 (i 0%) 2/40 (5%)b 6/181 (3%)c 
Total CS 0/27 ( 0%) 6/35 (17%)' 8/38 (21%) 0/40 (i 0%) 11/40(27%)" 25/180(14%)' 
Postwash 
Left SideCS 0/27 ( 0%) 0/35 (0%) 10/38 (26%)' 0/40 (( 0%) 0/40 (0%) 10/180 (6%)b 
Right Side CS 0/27 ( 0%) 1/36(3%) 1/38 (3%)b 0/40 (i 0%) 0/39 (0%) 2/180 (1%)C 
Total CS 0/27 ( 0%) 1/35 (3%)b 11/38(29%) 0/40 (i 0%) 0/39 (0%)b 12/179 (7%)b 
Chopped Meatd 0/3 (( )%) 0/6 (0%) 2/6 (33%) 0/6 (C )%) 1/6(17%) 3/27 (11%) 
CS = Carcass Swabs - 300 cm2 total area consisting of the ham, belly, and jowl. 
a,b,c Means within a column without a common superscript letter differ (P < 0.05) 
d Batches consisted of approximately 5 cm cubes, containing seven to nine sows and sub sampled three or six times 
Table 3. Diversity of serotypes and number isolated at each sampling site by sampling period 
1 2 3 4 5 
Farm Infantis (1) Infantis (1) 
Derby (1) 
Derby (1) Derby (1) 
Live Hog Market Derby (1) Derby (2) 
Abattoir* 
Chopped Meatb 
Manhattan (2) 
Give (2) 
Derby (1) 
London (1) 
Heidelberg (7) 
Infantis (6) 
Derby (5) 
Anatum (3) 
Uganda (2) 
Worthington (2) 
Newport (1) 
Derby (50) 
Uganda (3) 
Heidelberg (1) 
Manhattan (1) 
Muenster (1) 
Derby (6) 
Brandenburg (1) 
Derby (11) 
Typhimurium (3) 
Manhattan (1) 
Derby (29) 
Ohio (5) 
Typhimurium (2) 
Manhattan (1) 
Derby (1) 
Brandenburg (1) 
a Consisted of abattoir fecal, ileocecal lymph node, cecal contents, ventral thoracic, 
subiliac lymph nodes and right and left post and prewash carcass swabs 
b Batches consisted of approximately 5-cm cubes, containing seven to nine sows and subsampled three or six times 
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ABSTRACT 
This study was designed to compare the Salmonella enterica prevalence in sows held 
in a holding pen at the abattoir for approx. 2 h (hold sows) with sows slaughtered 
immediately after transport to the abattoir (no-hold sows). Cull sows (n = 160) were sampled 
from 4 sampling periods over 8 weeks (February-March 2002) at the abattoir. Sows 
originated from an integrated swine farm and were sent to a live-hog market, and then to the 
slaughter facility. Before test sows entered the abattoir pen, four 100-cm2 4-ply gauze 
squares were placed randomly on the pen floor for S. enterica culture. Sows were 
alternatively assigned to the hold or no-hold group. Samples collected from sows during 
slaughter were: ileocecal lymph node, cecal contents, transverse colon contents, subiliac 
lymph node, sponge swabs of the left and right carcass section (300 cm2), and chopped meat. 
Overall, S. enterica was isolated from 44% (35 of 80) of the no-hold sows, which was 
significantly less (P < 0.05) than 59% (47 of 80) of the held sows. Also, no-hold sows had a 
lower cecal content prevalence (39%; 31 of 80) compared to that (55%; 44 of 80) of held 
sows (P < 0.05). S. enterica serovars isolated from no-hold sows were Brandenburg (n = 
16), Derby (n = 12), Hadar (n = 8), Infantis (n = 6), Johannesburg (n = 3), 6,7:zl0-
monophasic (n = 3), and Typhimurium (n = 1). S. enterica serovars isolated from held sows 
(n = 61 isolates) were Derby (n = 19), 6,7:z 10-monophasic (n = 15), Brandenburg (n = 10), 
Infantis (n = 6), Hadar (n = 5), Johannesburg (n = 4), and Tennessee (n = 2). Serovars 
recovered from the pen were Reading (n = 6), Derby (n = 4), Uganda (n = 2), and Manhattan 
(n = 2). Results of this study suggest holding pens contribute to increased S. enterica 
carriage in cull sows. Abattoir holding pens might be an important control point for S. 
enterica in the ground pork production chain. 
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INTRODUCTION 
In the United States, it is estimated that approx. 1.4 million cases of nontyphoidal 
Salmonella enterica occur each year and approx.1.3 million are thought to be foodbome (11). 
Also, it is estimated that approx. 16,000 hospitalizations and approx. 600 deaths occur each 
year of which approx. 15,600 and approx. 500 are thought to be foodbome, respectively (11). 
Moreover, the United States Department of Agriculture (USDA) estimated a $600 million to 
$3.5 billion cost for medical and productivity losses each year for S. enterica infections (6). 
Previous cull sow studies have shown an increase in S. enterica prevalence from farm 
to abattoir (12, 16) as well as a higher prevalence in cull sows (58%) when compared to 
market hogs (31%) (9). One possible explanation for this increase in prevalence is the time 
spent in contaminated abattoir holding pens (4, 13). Experimentally, market weight pigs have 
been infected with serovar Typhimurium less than 2 h after exposure to a contaminated 
environment (8). This is significant because it has been found that 100% of market weight 
pig abattoir holding pens sampled were S. enterica positive (14). 
Typically, market weight swine are in holding pens between 6-8 h and sometimes 
overnight, depending upon their arrival at the abattoir. A 2-h holding period after arrival at 
the abattoir is recommended to improve meat quality in market weight swine (1, 18). In 
contrast, since most cull sow meat is sold as ground pork, meat quality and holding is not as 
important as in market weight swine. However, cull sows are usually held at live-hog 
markets (buying stations) overnight and at the abattoir for various intervals until a full 
shipment is procured. Live-hog markets are used because meat processors who use cull sows 
buy sows, which meet their specific criteria, such as body conformation and appearance. 
Therefore, cull sows are sent to a central buying station for meat processors to select what 
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sows they want and need. One way to reduce the S. enterica prevalence of sows might be to 
minimize their pen exposure time to S. enterica either at the live-hog market or at abattoir 
holding pens. Previous studies have examined the effects of lairage on the S. enterica 
prevalence in market weight hogs, but not for cull sows (4, 7, 13). This study was designed 
to determine if sows lairaged in an abattoir holding pen for approx. 2 h (hold sows) will have 
a higher prevalence of S. enterica compared to sows not held in a holding pen (no hold 
sows). 
MATERIALS AND METHODS 
Animals. This study consisted of 4 sampling periods over 8 weeks from February-
March 2002. Forty sows were selected each period. Sows originated from an integrated 
swine farm and were sent to a Midwest live-hog market. At the market, a combination of 
swine from weaning weight piglets, market weight hogs, and cull sows (including study 
sows) from multiple farms are mixed, sorted, and remarketed based on a criteria from certain 
buyers. Test sows were selected based on body condition scores and weight limits set by the 
buyer at the live-hog market. These sows spent approx. 24 h at the live-hog market before 
shipment. Sows were transported 415 to 425 km (4 to 5 h) to the abattoir, held in the 
transport trucks (approx. 4 h) then separated in the morning prior to the start of the shift. 
Half of the truckload of sows (n = 20) were unloaded at one time and sent directly to the 
stunning line (no-hold sows). The other half of the truckload of sows (n = 20) was unloaded 
at one time and sent directly to a holding pen and held for approx. 2 hours (hold sows). The 
no-hold sows were slaughtered as the first set of animals for the day. 
Sampling. The abattoir had four concrete floor pens to accommodate 450 sows/day 
and is able to process approx. 80 sows/h. During our sampling period, the pens were cleaned 
once at the end of the day with a high-pressure water hose. For environmental sampling at 
the abattoir, before test sows entered the pen, four 100-cm2 4-ply gauze squares (Johnson & 
Johnson, Arlington, Texas) were placed on the pen floor (63.4 m2) with sterile forceps where 
they remained for two min and then placed into sterile whirl-pak bags (Nasco, Fort Atkinson, 
Wise.) with sterile forceps. 
Cull sows were numbered for sample identification as they arrived on the slaughter 
floor. The following samples were collected after the hides were pulled: ileocecal lymph 
node (5-10 g), cecal contents (20 g), transverse colon contents (15 g), subiliac lymph nodes 
(1-5 g, both sides), sponge swabs of the left and right carcass section utilizing the standard 
three-site USDA-FSIS procedure (300 cm2), and chopped meat samples. Chopped meat 
samples consisted of approx. 5-cm cubes and were derived from a meat batch containing 8 to 
10 sows. Three sub samples (~ 400 g) were collected from each batch (six samples per group 
per visit). All samples were placed in sterile whirl-pak bags and transported (approx. 440 
km) on ice to the National Animal Disease Center, Ames, Iowa. Specimens were 
refrigerated and processed, within 24 h of collection. 
Bacteriological methods. For processing, 10 g of colon and cecal contents were 
placed in two enrichment media: tetrathionate (T) broth and GN-Hajna (GN) broth (90 ml 
each). All media were purchased from Becton Dickinson, Sparks, Md., unless otherwise 
noted. The subiliac lymph nodes from each carcass half were pooled and placed in a sterile 
bag, then macerated with a rubber mallet. The ileocecal lymph nodes were treated in the 
same manner in a separate bag. Ten ml of peptone water (Kernel, Lenexa, Kans.) was added 
to each bag and the sample was homogenized with a stomacher (1 min, 260 rpm) (Seward, 
London, UK). One ml of the homogenate was added to each tube of T and GN enrichment 
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media (9 ml). Holding pen environmental gauze squares and carcass sponges were cut 
lengthwise with sterile scissors and each half placed into T and GN selective media (18 ml),. 
All inoculated media were incubated overnight at 37°C. 
At 24 h, the T and GN cultures were transferred (1:100) into Rappaport-Vassiliadis 
R-10 broth (24 h at 37°C). After 24 h, all Rappaport-Vassiliadis tubes were screened by an 
enzyme-linked immunosorbent assay (ELISA). Samples were prepared with a commercial 
kit (Assurance® Gold EIA) following the manufacturer's instructions (BioControl, Bellevue, 
Wash.) (J, 15). Samples were scored as positive with an Optical Density at 400 ran or 
greater (>OD4oo) as measured by a PersonalLAB Automated Microplate Analyzer (BioChem 
ImmunoSystems, Allentown, Pa.). All ELISA-positive samples were subcultured to xylose-
lysine-tergitol-4 agar (XLT-4 overnight at 37°C). From each plate, one colony exhibiting 
typical S. enterica appearances was subcultured onto Rambach™ agar (DRG International, 
Inc., Mountainside, N.J.) for confirmation (overnight at 37°C). One colony exhibiting 
typical morphology on Rambach (pink color) was subsequently picked to tryptase soy agar 
(TSA) slants and submitted to the National Veterinary Services Laboratories, Ames, Iowa, 
for serotyping. 
Statistical Analysis. All data were entered into a spreadsheet and statistical analyses 
were performed using JMP version 4 (SAS Institute, Cary, NC). Pearson Chi-square test was 
used to compare proportions, which were considered significantly different at P< 0.05. 
RESULTS 
S. enterica was isolated overall from 44% (35 of 80) of no-hold sows (Table 1). This 
was significantly less (P < 0.05) than 59% (47 of 80) of sows held in lairage. For no-hold 
sows, 39% (31 of 80) of cecal contents yielded S. enterica compared to 55% (44 of 80) of 
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cecal contents from held sows (P < 0.05). When the cecal content positives are removed 
from the overall positives, there is no difference between no-hold sows (14%; 11 of 80) and 
held sows (13%; 10 of 80). Likewise, there were no statistical differences between the no-
hold sows compared to held sows for: transverse colon contents (5%; 4 of 80 vs. 4%; 3 of 
80), ileocecal lymph node (9%; 7 of 80 vs. 9%; 7 of 80), subiliac lymph node (0%; 0 of 80 
vs. 1%; 1 of 80), carcass swabs (1%; 1 of 80 vs. 0%; 0 of 80), and meat batches (4%; 1 of 24 
vs. 0%; 0 of 24), respectively. Also, 88% (14 of 16) of holding pen environmental samples 
were positive for S. enterica. 
Serovars recovered from the pen and each tissue are summarized in Table 2. S. 
enterica serovars (n - 12) isolated from held sows were Derby (n = 20,29.9%), 6,7:zl0-
monophasic (n = 15,22.4%), Brandenburg (n = 10,14.9%), Infantis (n = 6, 9%), Hadar (n = 
5, 7.5%), Johannesburg (n = 4,6%), Tennessee (n = 2, 3%), Newport (n = 1, 1.5%), Reading 
(n = 1,1.5%), Havana (n = 1,1.5%), Thompson (n = 1,1.5%), and Uganda (n = 1,1.5%). 
Environmental isolates recovered from the pen (n = 7) prior to occupancy by cull sows were 
Reading (n = 5, 31.3%), Derby (n = 4,25%), Uganda (n = 2,12.5%), Manhattan (n = 2, 
12.5%), Johannesburg (n = 1, 6.7%), Senftenberg (n = 1, 6.7%), and Bovis-Morbificans (n = 
1, 6.7%). S. enterica serovars (n = 9) isolated from the no-hold sows were Brandenburg (n = 
16,29.6%), Derby (n = 12,22%), Hadar (n = 8,15%), Infantis (n = 6,11%), Johannesburg (n 
= 3, 5.7%), 6,7:zl0-monophasic (n = 3, 5.7%), Muenchen (n = 1,1.9%), Reading (n = 1, 
1.9%), and Typhimurium (n = 1,1.9%). Also, serovars Tennessee (n = 2,3.7%), and 
Thompson (n = 1,1.9%) were only cultured from the lymph nodes. 
Serovars Johannesburg and Reading were the only two isolates recovered from both 
the pen and sows in the same replicate (Table 3). Johannesburg was isolated from the pen in 
week #3 and from the cecum of a held sow in the same week. At week #2, Reading was 
isolated twice from the pen and once from the ileocecal lymph node of a held sow. At weeks 
#1 and #2, Derby was isolated from the pen but not from any sample. However, at weeks #3 
and #4 Derby was not isolated from the pen, although it was recovered from both held sows 
(n = 10 isolates) and no-hold sows (n = 6 isolates). 
DISCUSSION 
The objective of this study was to determine if sows held at the abattoir for approx. 2 
h will have a higher prevalence of S. enterica compared to sows not held at the abattoir. This 
experiment was conducted because previous studies have demonstrated this possibility in 
market weight hogs, but not cull sows (4, 7, 13). 
The cecum had a higher prevalence of S. enterica compared to all other tissues 
sampled. One explanation is that the cecum is the first hospitable environment for S. 
enterica to colonize in the series of samples taken in this study. Therefore, the cecum would 
be colonized by S. enterica first before the transverse colon and before S. enterica could 
invade the lymph nodes. In a study looking at digesta movement in the gut, it was noted that 
a fluid marker could reach the cecum in as little as 2 h (3). Also, the larger volume of cecal 
contents compared to the other samples in this study may have increased the probability of 
detecting S. enterica. 
The limited number of S. enterica serovars isolated (n = 7) from environmental 
abattoir holding pen samples was less than the 12 to 16 serovars recovered in earlier studies 
of younger market weight hogs (14, 17). However, every time the abattoir holding pen was 
sampled, it was positive for S. enterica. Previous studies in market weight swine have shown 
that 100% of abattoir holding pens were positive for S. enterica (14, 17). In this study, the 
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low number of serovars isolated in the pen compared to sow tissues might be due to a 
number of factors including frequency and thoroughness of washing of the pens, sampling 
bias in placement of the gauze squares, picking < 2 colonies per positive sample, and 
difference of serovar invasiveness. 
One reason for the limited number of serovars compared to sow tissues could be due 
to the pens being washed and almost dry by the time they were sampled. In studies 
evaluating the S. enterica risk associated with litter dampness, there was a direct correlation 
between low S. enterica risk and low litter dampness (10). Also, the pens in this study were 
only sampled four times per visit. This is a small number compared to the 200 sow samples 
per visit (40 sows % 5 samples per sow) and more samples per pen at each visit might have 
given a better indication of the pen serovar diversity. 
The limited number of serovars isolated from the pen floor matching those of sow 
tissues could be due to picking < 2 colonies per positive sample. If more colonies per sample 
were characterized, more serovars might have matched between the pen floor samples and 
the tissues sampled from the held sows. Another possible reason for the limited number of 
serovars from the environment compared to sow tissues is that if a serovar recovered from 
the pen was not pathogenic then it would not be recovered in sows. Further analysis to 
differentiate invasiveness of S. enterica found on the pen floors and in the sow tissues would 
indica te  i f  these  spec i f ic  serovars  a re  ab le  to  invade  the  t i ssues  sampled  (2) .  
The objective of this study was to determine if sows held at the abattoir for approx. 2 
h will have a higher prevalence of S. enterica when compared to sows not held at the 
abattoir. This study suggests that holding pens contribute to S. enterica carriage in cull sows. 
Thus, the abattoir holding pens are an important critical control point for S. enterica entry 
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into the pork production chain. As a result, future research should focus on interventions to 
reduce the prevalence of S. enterica in holding pens at the abattoir or live-hog market. 
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Table 1. Overall percentage S. enterica-positive/number tested (% positive) of sows at the 
abattoir by treatment. 
Treatment 
Sample Environment Hold No Hold 
Pen0 14/16(88%) 
Fecal Contents 3/80 (4%) 4/80 (5%) 
Cecal Contents 44/80 (55%)" 31/80 (39%)b 
Ileocecal Lymph Node 7/80 (9%) 7/80 (9%) 
Subiliac Lymph Node 1/80(1%) 0/80 (0%) 
Carcass Swabs 0/80 (0%) 1/80 (1%) 
Meat Blockd 0/24 (0%) 1/24 (4%) 
Overall6 47/80 (59%)" 35/80 (44%)b 
"Sampled with four swabs per visit 
^Consisted of ten sows and sub sampled three times (six samples per treatment per visit) 
"Consisted of abattoir fecal, abattoir cecal contents ileocecal lymph node and subiliac lymph 
nodes 
a,b Proportions within a column with a different superscript letter differ at (P < 0.05) 
Table 2. Distribution of serotypes recovered from the holding pen (n= 16) and tissues (n= 80). 
Tissues 
Ileocecal Subiliac 
Fecal Cecal Lymph Lymph Carcass 
Pen Contents Contents Node Node Wash Meat Block8 
No No No No No No 
S. enterica Serovar Hold Hold Hold Hold Hold Hold Hold Hold Hold Hold Hold Hold 
6,7 :z 10-monophasic (1) (2) (14) (1) 
Bovis-Morbificans (1) 
Brandenburg (4) (10) (5) (6) (1) 
Derby (4) (2) (1) (18) (6) (4) (1) 
Hadar (1) (2) (4) (6) 
Havana (1) 
Infantis (1) (6) (5) 
Johannesburg (1) (4) (3) 
Manhattan (2) 
Muenchen (1) 
Newport (1) 
Reading (5) (1) (1) 
Senftenberg (1) 
Tennessee (2) 
Thompson (1) 
Typhimurium 
(Copenhagen) (1) 
Uganda (2) (1) 
a Consisted of ten sows and sub sampled three times (six samples per treatment per visit) 
Table 3. Serovars isolated from the pen and in the sows by sampling period. Isolations were from sows 
maintained in pens (Hold) or slaughtered immediately after livehaul (No Hold) 
Wee! c 
1 2 3 4 
No No No No 
Hold Hold Hold Hold Hold Hold Hold Hold 
Salmonella Serovar Pen Sows Sows Pen Sows Sows Pen Sows Sows Pen Sows Sows 
Derby (2) (0) (0) (2) (0) (0) (0) (10) (6) (0) (10) (6) 
Bovis-Morbificans (0) (0) (0) (0) (0) (0) (0) (0) (0) (1) (0) (0) 
Johannesburg (0) (1) (1) (0) (0) (0) (1) (3) (1) (0) (0) (1) 
Manhattan (0) (0) (0) (0) (0) (0) (1) (0) (0) (1) (0) (0) 
Reading (0) (0) (1) (2) (1) (0) (1) (0) (0) (2) (0) (0) 
Senftenberg (0) (0) (0) (0) (0) (0) (1) (0) (0) (0) (0) (0) 
Uganda (0) (0) (0) (2) (0) (0) (0) (1) (0) (0) (0) (0) 
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ABSTRACT 
This study determined the distribution of antimicrobial resistance profiles of S. 
enterica serovars isolated from feces, environment, and various cull sow tissues. The 
profiles were used to develop phenotypic fingerprints, which could be used as 
epidemiological markers. A total of 331 isolates from 27 S. enterica serovars from two 
studies were tested for susceptibility against twelve antimicrobial agents. Extended 
antimicrobial susceptibility testing was performed on selected S. enterica serovars against 
sixteen additional antimicrobial agents. Fecal samples were taken at the farm and a live hog 
market. From the abattoir, ileocecal lymph nodes, cecal contents, transverse colon contents, 
subiliac lymph nodes, ventral thoracic lymph nodes, sponge swabs of the left and right 
carcass sections, and chopped meat batch samples were cultured. Overall, 39% (128 of 331) 
of the isolates were susceptible to all antimicrobials tested, 5% (18 of 331) were resistant to a 
single antibiotic, and 53% (175 of 331) were resistant to two antibiotics. Only S. reading was 
found to be resistant to five and six antibiotics. Overall, 56% (187 of 331) were resistant to 
streptomycin and 60% (198 of 331) were resistant to tetracycline. S. enterica serovars were 
found with similar antibiotic resistance profiles at the farm, abattoir, and chopped meat batch. 
This study demonstrates that most S. enterica serovars isolated are resistant to one or two 
antimicrobials. These preliminary findings indicate that chopped meat blocks may be 
contaminated from S. enterica infected lymph nodes or isolates that survive the lactic acid 
carcass wash from fecal contamination on carcass sides. Control measures could be 
implemented specifically aimed at the S. enterica that pose a food safety risk for human 
salmonellosis. 
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INTRODUCTION 
Foodborne S. enterica infections have become a major public health problem and are 
creating economic losses worldwide (15,24). Cull sows have a high prevalence of S. enterica 
(8,18,20,31). Cull sows, which are breeding stock being sold for slaughter, may be a 
potentially greater risk for foodborne S. enterica contamination because most cull sow meat 
is sold as ground and processed pork. Meat batches (20) and retail pork products (11) from 
sows have approximately a 10% S. enterica contamination rate. Improper handling and 
cooking of this meat product could add to the risk of S. enterica contamination and thus may 
increase the human health risk for salmonellosis. 
Antibiotic resistance in foodborne pathogenic bacteria is a growing worldwide health 
concern, especially for S. enterica (9,19). S. enterica serovars resistant to multiple antibiotics 
have been isolated in food animals and their meat products (1,28,32) and human infection 
with antibiotic resistant salmonellae is on the rise (16,22). Moreover, the proportion of 
salmonella isolates exhibiting multidrug resistance to ampicillin, chloramphenicol, 
streptomycin, sulfonamides, and tetracycline (R-Type ACSSuT) increased from 39% to 97% 
between 1979/1980 and 1989/1990 (22). 
The age of cull sows may extend the period of exposure to therapeutic antimicrobials. 
An extended exposure period may create more selective pressure for resistant bacteria. It has 
been estimated that 70 to 80% of pig starters, 70 to 80% of grower feeds, 50 to 60% of 
finisher feeds, and 40 to 50% of sow feeds contain antimicrobial agents (7). Also, a study 
conducted by the USDA/APHIS/Veterinary Service as part of the National Animal Health 
Monitoring System (NAHMS) showed that 70% of the farms used antibiotics in starter feeds, 
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59% used them in grower-finisher feeds, and 46% of the farms used antibiotics in sow feeds 
(7). 
Isolates of recent concern are the multidrug-resistant S. typhimurium definitive phage 
type 104 (typhimurium DTI04) (17,26) and S. newport (J). S. typhimurium DTI04 is 
resistant to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline (It-
Type ACSSuT). S. newport has shown resistance to at least nine antimicrobials: 
amoxicillin/clavulanate, ampicillin, cefoxitin, ceftiofur, cephalothin, chloramphenicol, 
streptomycin, sulfamethoxazole, and tetracycline, but they also show decreased susceptibility 
to ceftriaxone (J). 
The S. enterica recovered during two studies in 2001 and 2002 yielded a total 331 
isolates from samples collected at the farm, live hog market and harvest facility (20,21). 
These studies presented a unique opportunity to study S. enterica serovars isolated from the 
chopped meat batch and relate them back to those isolated at the farm and throughout the 
harvest process. This study had ability to link serovars throughout the harvest process and 
possibly back to the farm. Therefore, the objective of this study was to first determine 
antibiotic resistance profiles and their distribution within the population of S. enterica 
serovars isolated from environmental samples, cull sow feces, and various tissues. Secondly, 
we used extended antimicrobial susceptibility testing to determine the relatedness 
(phenotypic fingerprints) of serovars isolated from the chopped meat batch samples to those 
isolated from the farm, the live hog market, and abattoir. The objectives were to help 
determine where control measures may be needed in the cull sow harvest process to lower 
the incidence of human salmonellosis. 
MATERIALS AND METHODS 
Isolates tested. A total of 331 strains of S. enterica obtained from two studies (20,21) 
were tested against twelve antimicrobial agents. Multiple suspect colonies from one positive 
sample were submitted to the National Veterinary Services Laboratory, Ames, Iowa, for S. 
enterica confirmation and serotyping. If all suspect colonies came back as the same serovar, 
only one of those colonies was used in this study. However, if multiple serovars came back 
from one positive sample, then all of those different serovars were used in this study. All of 
these strains were isolated from cull sows at the farm, live hog market, abattoir, swabs from 
the slaughter floor and evisceration table (environmental samples) and abattoir pen floors. 
Animals. Study #1 consisted of 5 sampling periods over 10 weeks from January-
March 2001, where up to 40 sows were selected each period and has been previously 
described (20). Study #2 consisted of 4 sampling periods over 8 weeks from February-
March 2002, where 40 sows were selected each period and has been previously described 
(27). 
Sampling. In study #1, fecal samples (10 g) at the farm and live hog market 
were extracted digitally from the rectum using sterile gloves and deposited in sterile whirl-
pak bags. At the abattoir, before study #2 test sows entered the pen, four 100 cm2 4 ply 
gauze squares (Johnson & Johnson, Arlington, Texas) were placed randomly on the pen floor 
(63.4 m2) with sterile forceps. The gauze squares remained on the floor for 2 min, and then 
were placed into sterile whirl-pak bags (Nasco, Fort Atkinson, WI) using sterile forceps. The 
following samples were collected at the abattoir for both studies: ileocecal lymph node (5-10 
g), cecal contents (20 g), transverse colon contents (15 g), subiliac lymph node (1-5 g), 
ventral thoracic lymph node (1-5 g), sponge swabs of the left and right carcass sections 
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utilizing the standard three-site USDA-FSIS procedure (300 cm2) and chopped meat batch 
samples. Also, swabs from the evisceration table and slaughter room floor (environmental 
samples) were taken for analysis. All samples were placed in sterile whirl-pak bags and 
transported on ice to the National Animal Disease Center, Ames, Iowa. Specimens were 
refrigerated until processing. Sampling procedures have been previously described (20,21). 
Bacteriological methods. A standard S. enterica isolation procedure was used for S. 
enterica identification. This consisted of a 24 hr pre-enrichment, a 24 hr selective 
enrichment, an ELISA as a screening tool, selective plating and biochemical identification. 
Multiple colonies per positive sample were submitted to the National Veterinary Services 
Laboratory, Ames, Iowa for S. enterica serotyping as previously described (20,21). All 
cultures were stored at -80° C in a solution of 40% Lactose broth and 60% glycerol. All 
strains were subcultured individually in Lactose broth (24 h at 37°C) before antimicrobial 
susceptibility testing. 
Antimicrobial and Extended antimicrobial susceptibility. Antimicrobial 
susceptibility and extended antimicrobial susceptibility testing of the isolates was determined 
by the disk-diffusion method (2) in accordance with the standards of the National Committee 
for Clinical Laboratory Standards (25). S. enterica isolates were transferred onto trypticase 
soy agar plates containing 5% bovine blood. After an incubation of 16 to 18 h at 35°C, 
isolated colonies were transferred to a tube of sterile saline by using a sterile cotton swab on 
an applicator stick and mixed. A Spectronic 20 (Bausch & Lomb, Rochester, NY) was used 
to produce a standard inoculum of approximately 1 X 108 CFU/ml. After standardization, the 
inoculum was uniformly spread onto Mueller-Hinton agar by using a sterile, nontoxic cotton 
swab on an applicator stick. The swab was dipped into the standardized inoculum, and then 
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excess inoculum was removed by pressing and rotating the swab firmly against the inside of 
the tube. The swab was then streaked in three directions over the surface of the Mueller-
Hinton agar. The plate was allowed to stand for ~5 min before the disks were applied. The 
antimicrobial-containing discs were dispensed and tamped into place (BBL Sensi-Disc, 
Becton Dickinson Microbiology Systems, Sparks, MD). Antimicrobial susceptibility testing 
was conducted with the following twelve antimicrobials (concentration): amikacin (30 gg), 
ampicillin (10 gg), apramycin (15 gg), ceftiofur (30 gg), ceftriaxone (30 gg), cephalothin (30 
Hg), chloramphenicol (30 gg), ciprofloxacin (5 gg), gentamicin (10 |ig), streptomycin (10 
gg), the combination of sulfamethoxazole and trimethoprim (23.75 gg)/ (1.25 fig), and 
tetracycline (30 |ig). After 16 to 18 h incubation at 35°C, the diameters of the zones of 
inhibition were measured to the nearest millimeter (25). The zone diameter of an individual 
antimicrobial agent was translated into susceptible, intermediate, or resistant categories by 
referring to an interpretive table (BBL Sensi-Disc, Becton Dickinson Microbiology Systems, 
Sparks, MD). 
A procedure herein termed extended antimicrobial susceptibility testing was 
conducted on selected S. enterica serovars. Serovars were selected based on location of 
isolation and antimicrobial resistance profile. For example, if a S. derby was isolated from 
the chopped meat batch, then the entire S. derby isolates with the same antimicrobial 
resistance profile were selected for extended antimicrobial susceptibility testing. Extended 
antimicrobial susceptibility testing was conducted with the following sixteen antimicrobials 
(concentration): amdinocillin (10 |ig), amoxicillin with clavulanic acid (30/10 fig), ampicillin 
and sulbactam (10/10 fig), cefoxitin (30 fig), carbenicillin (100 jig), doxycycline (30 fig), 
imipenem (10 fig), kanamycin (30 |ig), mezlocillin (75 pig), moxalactam (30 fig), nalidixic 
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acid (30 (xg), netilmicin (30 gg), piperacillin (100 ng), ticarcillin (75 gg), tobramycin (10 gg) 
and triple sulfa (0.25 gg). 
Statistical Analysis. All data were entered into a spreadsheet and statistical analyses 
were performed using JMP version 4 (SAS Institute, Gary, NC). Pearson Chi-square test was 
used to compare proportions, which were considered significantly different at P < 0.05. 
RESULTS 
A total of 331 S. enterica isolates were tested against twelve antimicrobials and the 
corresponding resistance pattern of each serovar is presented in Table 1. Of the 331 isolates, 
only 39% (128 of 331) of the isolates were susceptible to all twelve antimicrobials tested: 
22% (37 of 167) and 55% (91 of 164) for study #1 and #2, respectively. Three and eight 
isolates of S. derby were susceptible to all antimicrobials tested for study #1 and 2, 
respectively. Also, one S. newport was isolated in each study and both were susceptible to 
all antimicrobials tested. 
Two S. typhimurium serovars were resistant to tetracycline, another S. typhimurium 
was resistant to ampicillin and streptomycin, another was resistant to ampicillin, 
streptomycin and tetracycline, and a S. typhimurium var. Copenhagen was resistant to 
ampicillin, chloramphenicol, streptomycin and tetracycline. One isolate of S. reading was 
resistant to five antimicrobials and another S. reading was resistant to six antimicrobials. 
The rest of the antimicrobial resistance profile results are presented in Table 1. 
The percentage of S. enterica isolated from cull sow tissues resistant to streptomycin 
and tetracycline is summarized in Table 2. The number positive from each study and the 
number tested for the antibiotic resistance profiles are not the same because some positive 
samples contained multiple serovars, not all serovars were saved and some serovars are 
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missing. A total of 56% (187 of 331) were resistant to streptomycin and 60% (198 of 331) to 
tetracycline. In study #1, a significantly (P < 0.05) higher percentage of streptomycin 
resistant serovars were isolated from the fecal contents (89%, 24 of 27), postwash carcass 
swabs (100%, 13 of 13) and meat block (89%, 16 of 18) compared to the cecal contents 
(62%, 41 of 66). In study #1, tetracycline resistant serovars isolated from the postwash 
carcass swabs (100%, 13 of 13) and meat block (89%, 16 of 18) were significantly (P < 0.05) 
more numerous than those isolated from the cecal contents (64%, 42 of 66). In study #1, 
tetracycline resistant serovars isolated from the postwash carcass swabs (100%, 13 of 13) 
were significantly (P < 0.05) more numerous compared to those isolated from prewash 
carcass swabs (70%, 19 of 27). The remaining streptomycin and tetracycline resistance 
profile results are presented in Table 2. 
Extended antimicrobial susceptibility testing results on isolates from study #1 are 
presented in Table 3. Serovars were selected based on location of isolation and if they had 
identical antimicrobial resistance profiles. S. derby (n = 1) isolated on-farm was resistant to 
triple sulfa. Another S. derby (n = 1) isolated from the chopped meat batch was also resistant 
to triple sulfa. This chopped meat batch contained meat from the sow where the on-farm S. 
derby was isolated. S. derby isolates resistant to streptomycin, tetracycline, doxycycline, and 
triple sulfa were obtained from the transverse colon (n = 12), cecal contents (n = 11), 
ileocecal lymph node (n = 5), subiliac and ventral thoracic lymph nodes (n = 3), prewash 
carcass swabs (n = 6) and postwash carcass swabs (n = 12). S. derby isolates with the same 
resistance pattern (streptomycin, tetracycline, doxycycline, and triple sulfa) were obtained 
from the chopped meat batch (n = 10) containing meat from the sows where the S. derby 
serovars were isolated. 
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Table 4 contains the extended antimicrobial susceptibility testing results from study 
#2. S. Reading (n = 1) isolated from cecal contents was resistant to 10 antimicrobials 
(ampicillin, amoxicillin with clavulanic acid, chloramphenicol, carbenicillin, cephalothin, 
doxycycline, triple sulfa, cefoxitin, streptomycin, and tetracycline) and had intermediate 
resistance to 5 other antimicrobials (ceftriaxone, ticarcillin, piperacillin, ceftiofur, and 
ampicillin and sulbactam). Four weeks later, S. Reading (n= 1) isolated from the holding 
pen floor was found to be resistant to 13 antimicrobials (ampicillin, amoxicillin with 
clavulanic acid, chloramphenicol, carbenicillin, cephalothin, doxycycline, triple sulfa, 
cefoxitin, amdinocillin, ceftiofur, ampicillin and sulbactam, streptomycin, and tetracycline). 
This isolate had intermediate resistance to 4 antimicrobials (ceftriaxone, ticarcillin, 
piperacillin, and mezlocillin). 
DISCUSSION 
This study was undertaken to determine antimicrobial-resistance patterns of S. 
enterica serovars from healthy cull sow samples and to compare these patterns to those of 
serovars isolated from the chopped meat batches. This study addressed these issues by using 
antimicrobial susceptibility and extended antimicrobial susceptibility testing to determine the 
phenotypic fingerprints of isolates obtained from the farm, live hog market, throughout the 
harvest process and the chopped meat batch. We assumed if the serovars had identical 
extended antimicrobial resistance profiles, they were clones of the same isolate. We used 
these profiles to identify potential contamination sites within the cull sow harvest process. 
The high level of resistance to streptomycin and tetracycline we found were expected, 
because this has been previously reported from food animal S. enterica isolates (12,13,22). 
Sows receive chlortetracycline and oxytetracycline in the feed and water (10,30). Therefore, 
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one possible explanation for the high level of resistance to streptomycin and tetracycline 
could be if streptomycin, chlortetracycline and/or oxytetracycline were given to our test 
sows. However, we do not know what antimicrobials were given to our test sows in their 
stages of growth from weaning to breeding stock. Future research is needed to determine 
what antimicrobials (therapeutic, prophylactic, and subtherapeutic) are given to sows 
throughout their lifetimes and if those antimicrobials select and maintain certain species of 
resistant bacteria for extended or short-term periods of time. 
The high level of resistance to streptomycin was not noted in its structurally related 
antimicrobials, such as amikacin, apramycin, and gentamicin. This is expected because 
drugs within the same class are slightly different structurally to reduce cross-resistance, 
which was observed in this study. Only two serovars isolated were resistant to apramycin 
and another two were resistant to gentamicin and each of those serovars was also resistant to 
streptomycin. 
Of all the serovars tested, we found S. derby had the highest frequency of resistance 
to multiple antimicrobials (>2). S. derby showed the highest frequency of being resistant to 
two or more antimicrobials when looking at antimicrobial resistance of food-related S. 
enterica isolates (19). S. newport was isolated once from each study, but was susceptible to 
all twelve antimicrobials tested. This finding is in contrast to previous outbreaks and 
research of multidrug resistant S. newport (5). Those outbreaks were associated with 
undercooked ground beef and to date, multidrug resistant S. newport has not been reported in 
pork products. 
Most cull sow meat is sold as ground or processed pork; therefore contamination of 
the chopped meat is a great concern. Possible contamination could come from a carcass 
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being contaminated by feces. S. derby isolates resistant to streptomycin, tetracycline, 
doxycycline, and triple sulfa were isolated from the transverse colon and cecal contents. This 
antimicrobial resistance pattern was also observed in isolates from the chopped meat batch. 
One possible explanation for S. derby with the same resistance pattern isolated from the 
chopped meat batch and the carcass sides is that there was fecal contamination on the carcass 
sides and the lactic acid carcass wash created an environment that only streptomycin, 
tetracycline, doxycycline, and triple sulfa resistant S. enterica serovars could survive. One-
half of the contaminated carcasses were likely contaminated through carcass-to-carcass or 
feces-to-carcass contact (32). In this study, a pulsed-field gel electrophoresis was used to 
fingerprint the isolates (32). A higher percentage of antibiotic resistant S. enterica isolates 
were recovered from a lactic acid broth compared to a broth without any acids (4). 
Therefore, plant and worker sanitation must be strictly maintained to prevent any cross 
contamination within the harvest process 
Possible contamination could also come from lymph nodes infected with S. enterica. 
We also found S. derby isolates resistant to streptomycin, tetracycline, doxycycline, and 
triple sulfa in the pre and postwash carcass swabs with identical resistance profiles to those 
isolated from the chopped meat batch. To our knowledge, there have been no studies 
comparing isolates found in the chopped meat batch to those isolated in lymph nodes. This 
study presented the unique opportunity to examine chopped meat batches and the tissues that 
go into those batches. It would be very difficult to eliminate all lymph nodes contaminated 
with S. enterica. However, further genotyping analysis is needed to differentiate the S. derby 
isolates from the farm, abattoir, and chopped meat batches to indicate the source of the 
contamination. 
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We isolated S. reading from the cecal contents of a sow, then again from the abattoir 
pen floor four weeks later with almost identical antimicrobial resistance profiles (one isolate 
was resistant to 12 antimicrobials and the other was resistant to 13 antimicrobials). Isolating 
two S. reading organisms with almost identical antimicrobial resistance profiles suggests 
they are not clones but further genotyping analysis may be warranted to clarify the 
relationship of these isolates. 
This study demonstrates that there is a high percentage of S. enterica serovars isolated 
in cull sow tissues resistant to streptomycin and tetracycline, but few of them are multidrug 
resistant. These preliminary findings indicate that chopped meat blocks may be 
contaminated from S. enterica infected lymph nodes or S. enterica isolates that survive the 
lactic acid carcass wash. Control measures should be implemented specifically aimed at the 
S. enterica that pose a food safety risk for human salmonellosis. 
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Table 1. Corresponding antimicrobial resistance profile and number of S. enterica 
serotypes tested by study 
Antibiogram Study Study Total Serovar 
#1 #2 
Susceptible to all antimicrobials tested 3 8 11 Derby 
Susceptible to all antimicrobials tested 1 1 2 Newport 
Susceptible to all antimicrobials tested 33 82 115 Remaining 
Serovars 
Total Susceptible to all Antimicrobials 128 
S (intermediate) 1 1 6,7:zl0-
monophasic 
S (intermediate) 2 2 Brandenburg 
S (intermediate) 2 2 Tennessee 
Total Intermediate to One Antimicrobial 5 
S 2 2 Anatum 
S 1 1 Brandenburg 
S 1 1 Derby 
T 1 1 6,7:zl0-
monophasic 
T 2 2 Anatum 
T 9 9 Reading 
T 2 2 Typhimurium 
Total Resistant to One Antimicrobial 18 
ST 1 1 Agona 
ST 1 1 Brandenburg 
ST 114 35 149 Derby 
AT 2 2 Derby 
ST 14 14 Hadar 
ST 4 4 Heidelberg 
ST 1 1 Infantis 
ST 2 2 Johannesburg 
AS 1 1 Typhimurium 
Total Resistant to Two Antimicrobials 175 
ApST 1 1 Derby 
AST 1 1 Heidelberg 
ApST 1 1 Infantis 
AST 1 1 Typhimurium 
Total Resistant to Three Antimicrobials 4 
AGST 1 1 3,10:R-
monophasic 
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ACST 1 1 Derby 
AGST 1 1 Heidelberg 
ACST 1 1 Typhimurium 
(Copenhagen) 
Total Resistant to Four Antimicrobials 4 
ACCpST Cf (intermediate) Cx 1 1 Reading 
(intermediate) 
Total Resistant to Five Antimicrobials 1 
ACCfCpST Cx (intermediate) 1 1 Reading 
Total Resistant to Six Antimicrobials 1 
Antimicrobial susceptibility of the isolates was determined by the 
disk-diffusion method (Kirby-Bauer) in accordance with the standards 
of the National Committee for Clinical Laboratory Standards (NCCLS). 
A = Ampicillin 
Ap = Apramycin 
C = Chloramphenicol 
Cf = Ceftiofur 
Cp = Cephalothin 
Cx = Ceftriaxone 
G - Gentamicin 
S = Streptomycin 
T = Tetracycline 
TABLE 2. Percentage (n) S. enterica resistant to either streptomycin (S) or tetracycline (T) and number positive isolated from 
various cull sow tissues by study 
Sample Percent Positive Resistant to S Resistant to T 
Study #1 Study #2 Study #1 Study #2 Study #1 Study #2 
Transverse Colon Contents11 5% (543) 4% (160) 89%" (27) 60% (15) 89%ac (27) 60%" (15) 
Cecal Contents' 33% (180) 47% (160) 62%b (66) 52% (8 If 64%b (66) 51%" (81) 
Ileocecal lymph node" 7% (181) 9% (160) 83% (12) 0% (38)' 83% (12) 8%b (38) 
Ventral thoracic and subiliac lymph nodesk 2% (181) 1% (160) 75% (4) 75% (4) 
Prewash Carcass Swabs1 14% (180) 1% (160) 78% (27) 100% (1) 70%ab (27) 100% (1) 
Postwash Carcass Swabs"1 7% (179) 0% (160) 100%" (13) 100%= (13) 
Meat Block 11% (27) 4% (24) 89%" (18/ 0% (l)8 89% (18/ 0% (l)g 
Environmental" 25% (24) 0% (6) 67% (6) 
Pen Floor0 88% (16) 33% (21) 62% (21) 
Pen Water15 100% (1) 0% (1) 0% (1) 
Total 77% (167) 36% (164) 76% (167) 43% (164) 
Antimicrobial susceptibility of the isolates was determined by the disk-diffusion method (Kirby-Bauer) in accordance with the 
standards of the National Committee for Clinical Laboratory Standards (NCCLS). 
Carcass swabs - 300 cm2 total area consisting of the ham, belly, and jowl. 
a
'
b
'° Proportions within a column with a different superscript letter differ at (P < 0.05). 
d One isolate was intermediate (not included as resistant). 
e Four isolates were intermediate (not included as resistant). 
f Batches consisted of approximately 5-cm cubes, containing seven to nine sows and sub sampled three or six times. 
8 Consisted of ten sows and sub sampled three times (six samples per treatment per visit). 
h Two isolates were resistant to ampicillin and one was resistant to apramycin and chloramphenicol. 
1 Three isolates were resistant to ampicillin and one was resistant to chloramphenicol and one isolate was resistant to ampicillin, 
chloramphenicol, cephalothin and intermediate to ceftiofur and ceftriaxone. 
] Two isolates were resistant to ampicillin. 
k Only subiliac lymph nodes were taken for study #2, but was not analyzed for this study. 
1 No postwash carcass swabs were taken for study #2. 
m Two isolates were resistant to gentamicin and ampicillin and one isolate was resistant to apramycin. 
" Serotypes recovered from the slaughter floor. 
0 Serotypes recovered from the holding pen floor, one isolate was resistant to ampicillin, ceftiofur, cephalothin, and 
chloramphenicol and intermediate to ceftriazone. 
p Serotypes recovered from the holding pen water trough. 
Table 3. Corresponding antimicrobial resistance profiles and number isolated (n) of S. enterica serovars tested 
by tissue from study #1. 
Farm Live Transverse Cecal Ileocecal Lymph Prewash Postwash CS Chopped 
Fecal Hog 
Market 
Colon 
Contents 
Contents Lymph 
Node 
Node CS Meat Batch" 
Serovar 
Derby SSS(l) STDSSS(12) STDSSS (11) STDSSS(5) STDSSS(3) STDSSS(6) STDSSS(12) STDSSS(IO) 
SSS(l) 
CS = Carcass Swabs - 300 cm total area consisting of the ham, belly, and jowl. 
1 Batches consisted of approximately 5 cm cubes, containing seven to nine sows and sub sampled three or six times 
S - Streptomycin 
T = Tetracycline 
D = Doxycycline 
SSS = Triple Sulfa 
Table 4. Corresponding antimicrobial resistance profiles and number isolated (n) of S. enterica serovars tested by location and tissue from 
study #2. 
Abattoir Holding Pen Floor Cecal Contents 
Serovar 
Reading AAmcCCbCpDSSSFoxST(l) 
Inter CxTicPipCfSam(l) 
Reading AAmcCCbCpDSSSFoxAmdCfSamST(l) 
Intermediate CxTicPipMz (1) 
Amd = Amdinocillin, A = Ampicillin, Sam = Ampicillin and Sulbactam, Amc = Amoxicillin with Clavulanic Acid 
Cb = Carbenicillin, Fox = Cefoxitin, Cf = Ceftiofur, Cx = Ceftriaxone, Cp = Cephalothin, C = Chloramphenicol 
D = Doxycycline, Mz = Mezlocillin, Pip = Piperacillin, S = Streptomycin, T = Tetracycline, Tic = Ticarcillin, SSS = Triple Sulfa 
NR - Not Resistan 
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ABSTRACT 
The objective of this study was to evaluate invasiveness of S. enterica serovars 
isolated from cull sow feces, environment, and various tissues of cull sows. Fecal samples 
were taken at the farm and repeat samples were taken at a live hog market. These same cull 
sows were cultured at the abattoir. From the abattoir, ileocecal lymph node, cecal contents, 
transverse colon contents, subiliac lymph node, ventral thoracic lymph node, swabs of the 
left and right carcass section, and chopped meat batch samples were cultured. A total of 331 
isolates from 27 S. enterica serovars were evaluated for invasiveness using a standard 
gentamicin protection invasion assay. Percent invasion equals 100(cfu recovered from HEp-
2 cell lysates/cfu added to HEp-2 cells). Two isolated were non-invasive and one isolated 
was hyper-invasive but not hyper-virulent. Therefore, it fortunately appears that most 
isolates are not more pathogenic thus cull sows are not likely to be a source of salmonellae 
with enhanced virulence. Two isolates (both of which were S. reading) were categorized as 
non-invasive. Sixteen isolates were categorized as hypo-invasive which included S. reading 
(n = 9), S. derby (n = 4), S. brandenburg (n = 1), S. 6,7-zlO-monophasic (n = 1), and S. 
muenchen (n= 1). Only one serovar {S. derby) was categorized as hyper-invasive (> 33%). 
S. brandenburg and S. derby were isolated from the chopped meat batch and their average 
invasion was 17.11%. The average invasion values of S. enterica isolated from different 
sources were: chopped meat batch (n = 19,17.11%), fecal contents (n = 42,9.07%), cecal 
contents (n = 147, 8.81%), ileocecal lymph nodes (n = 50,10.19%), ventral thoracic and 
subiliac lymph nodes (n = 4, 5.15%), prewash carcass swabs (n = 28, 6.44%), and postwash 
carcass swabs (n = 13, 9.85%). Cull sows contain populations of salmonellae that exhibit 
pathogenic profiles similar to that observed in other food-producing animals. 
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INTRODUCTION 
Foodborne S. enterica infections have become a major public health problem and are 
creating economic losses in the United States and around the world (13,25). Forty to seventy 
percent of midwestem market swine are positive for S. enterica infection after transportation 
and holding {19,22) and previous sow studies have demonstrated that they have a high 
prevalence of S. enterica (8,22-24,29). Cull sows, which are breeding stock sold for 
slaughter, may be a potentially greater risk for foodborne S. enterica contamination because 
most cull sow meat is sold as ground and processed pork. Chopped meat batches (23,24) and 
retail pork products (9) from sows have approximately a 10% S. enterica contamination rate. 
Improper handling and cooking of ground and processed pork could add to the risk of S. 
enterica contamination in pork and thus may increase the human health risk for 
salmonellosis. 
There are over 2,400 S. enterica serovars (3,7). Certain serovars are generally 
considered as host specific: S. typhi (human), S. choleraesuis (swine), S. dublin (cattle), and 
S. gallinarum (poultry). Also, many other serovars are able to infect a variety of hosts: S. 
typhimurium, S. enteritidis, and S. derby. However, it is not known if all these zoonotic 
serovars are equally invasive or if they invade cells at a different level (28). 
Pathogenic bacteria, such as S. enterica, possess many virulence factors that allow 
them to establish an infection in the host. S. enterica infection depends on the ability to 
colonize and invade intestinal columnar epithelial cells and specialized M cells overlying 
Peyer's patches (26). S. enterica invasion genes are on a 40 kb continuous segment of 
chromosomal DNA that is called Salmonella Pathogenicity Island 1 (SPI1) (10,12). SPI1 
invasion genes are conserved among S. enterica but are one of many factors needed for 
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invasion. Determining if a bacterium is invasive can be accomplished by an in vitro invasion 
assay (5,17). 
Invasiveness has been studied in salmonellae, but only with a few specific serovars 
i.e., S. typhimurium, S. choleraesuis, S. dublin, S. senftenberg, and S. litchfield 
(1,4,5,18,20,21). Thus, it is not known if other serovars isolated from different tissues will 
exhibit enhanced or diminished invasiveness. Additionally, we have the unique opportunity 
to compare invasion among isolates of S. enterica from a variety of sources and isolates 
obtained at different points throughout the harvest process. 
The objective of this study was to determine the invasiveness, and thus the deduced 
pathogenicity, of S. enterica serovars isolated from cull sows at the farm, live hog market, 
abattoir, and environmental abattoir pen samples. 
MATERIALS AND METHODS 
Isolates tested. A total of 331 strains of S. enterica obtained from two studies (23,24) 
were tested for invasiveness. Multiple colonies from positive samples were submitted to the 
National Veterinary Services Laboratory, Ames, Iowa, for S. enterica confirmation and 
serotyping. If all suspect colonies came back as the same serotype, one of those colonies was 
used to determine invasiveness. However, if multiple serotypes came back from one positive 
sample, then all of those different serotypes were used to determine invasiveness. The strains 
were isolated from cull sows at the farm, live hog market and abattoir and also abattoir pen 
floors. 
Animals. Study #1 consisted of 5 sampling periods over 10 weeks from January-
March 2001, where up to 40 sows were selected each period and has been previously 
described (23). Study #2 consisted of 4 sampling periods over 8 weeks from February-
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March 2002, where 40 sows were selected each period and has been previously described 
(24). 
Sampling. In study #1, fecal samples (10 g) at the farm and live hog market were 
extracted digitally from the rectum using sterile gloves and deposited in sterile whirl-pak 
bags. At the abattoir, before study #2 test sows entered the pen, four 100 cm2 4 ply gauze 
squares (Johnson & Johnson, Arlington, Texas) were placed randomly on the pen floor (63.4 
m2) with sterile forceps. The gauze squares remained on the floor for 2 min, and then were 
placed into sterile whirl-pak bags (Nasco, Fort Atkinson, WI) using sterile forceps. The 
following samples were collected at the abattoir for both studies: ileocecal lymph nodes (5-
10 g), cecal contents (20 g), transverse colon contents (15 g), subiliac lymph nodes (1-5 g), 
ventral thoracic lymph nodes (1-5 g), sponge swabs of the left and right carcass sections 
utilizing the standard three-site USDA-FSIS procedure (300 cm2) and chopped meat batch 
samples. Also, swabs from the evisceration table and slaughter room floor (environmental 
samples) were taken for analysis. All samples were placed in sterile whirl-pak bags and 
transported on ice to the National Animal Disease Center, Ames, Iowa. Specimens were 
refrigerated until processed. Sampling procedures have been previously described (23,24). 
Bacteriological methods. A standard S. enterica isolation procedure was used for S. 
enterica identification. This consisted of a 24 hr pre-enrichment, a 24 hr selective 
enrichment, an ELISA as a screening tool (11,27), selective plating and biochemical 
identification Multiple colonies per positive sample were submitted to the National 
Veterinary Services Laboratory, Ames, Iowa for S. enterica serotyping as previously 
described (23,24). All cultures were stored at -80° C in a solution of 40% Lactose broth and 
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60% glycerol. All strains were subcultured individually in Lactose broth (24 h at 37°C) 
before invasion assay testing. 
Invasion assay. Bacterial invasion was determined by a gentamicin protection assay 
(5,17). Florfenicol was substituted for gentamicin when the serovar was gentamicin 
resistant. HEp-2 cells (ATCC) were maintained in RPMI1640 (Invitrogen, Carlsbad, CA) 
with 10% fetal bovine serum (Invitrogen, Carlsbad, CA) at 37°C in a 5% CO2 humidified 
environment. HEp-2 cells, 5 X 105 cells/well, were plated in 48-well tissue culture dishes 
and invasion assays were performed 24 hrs later. S. enterica, approximately 107 was then 
incubated with approximately 5 X 105 HEp-2 cells in 48-well tissue culture dishes for 60 min 
in RPMI 1640 containing 10% fetal bovine serum using a multiplicity of infection (moi) 
equal to 100 (100 bacteria per HEp-2 cell). Cells were washed three times with a sterile 
saline solution (Invitrogen, Carlsbad, CA). Cells were incubated for 120 min with RPMI 
1640 containing 10% fetal bovine serum and 100-p.g/ml gentamicin or 300-jag/ml florfenicol 
(for gentamicin resistant serovars) in order to eliminate extracellular bacteria. Cells were 
washed three times with a sterile saline solution then lysed with 10% Triton-X-100 for 30 
min to release internalized bacteria. LB broth (Invitrogen, Carlsbad, CA) was added to each 
well, and the contents of each well were plated on LB agar (EM Science, Gibbstown, NJ) 
plates. The plates were incubated for 24 hrs at 37°C for enumeration purposes. Percent 
invasion was calculated as 100(cfu recovered from HEp-2 cell lysates/cfu added to HEp-2 
cells). Invasion percentages were arbitrarily categorized into three groups, "non-invasive" (< 
0.1%), "normo-invasive" (0.1% - 33%), and "hyper-invasive" (> 33%). Non-invasive 
describes an isolate that is unable to invade, normo-invasive is average, and hyper-invasive is 
considered to be invading at a significantly higher than normal rate thus suggesting hyper-
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virulence. A positive control, S. enterica strain LNWI (6), and a noninvasive control (E. coli 
Top 10F, Invitrogen, Carlsbad, CA) were always included. 
RESULTS 
A total of 331 S. enterica isolates were tested for invasion and the corresponding 
average invasion percentage and range of each serovar are presented in Table 1. A total of 
27 different serovars were isolated. The top ten isolated serovars were S. derby (165), S. 
brandenburg (28), S. 6,7-zlO-monophasic (22), S. infantis (20), S. hadar (14), S. reading 
(12), S. Johannesburg (9), S. manhattan (9), S. heidelberg (8) and S. Uganda (7). The average 
invasion percentage was 9.21% with a range of 0.04 - 33.6. The three highest average 
invasive serovars were S. derby (n = 165,10.06%), S. brandenburg (n = 28, 13.14%), S. 6,7-
zlO-monophasic (n = 22,9.87%). There were two isolates categorized as non-invasive, both 
of which were S. reading. Only one isolate, S. derby, was categorized as hyper-invasive. 
Table 2 illustrates the invasiveness of the isolates when grouped by source. The 
average invasiveness of S. enterica isolates recovered from different sources were: chopped 
meat batch (n = 19,17.11%), fecal contents (n = 42,9.07%), cecal contents (n = 147, 8.81%), 
ileocecal lymph nodes (n = 50,10.19%), ventral thoracic and subiliac lymph nodes (n = 4, 
5.15%), prewash carcass swabs (n = 28, 6.44%), and postwash carcass swabs (n = 13, 
9.85%). There were two serovars isolated from the chopped meat batch. Those serovars 
were S. derby (n = 16,17.33%) and S. brandenburg (n = 3,15.93%). 
Since S. derby was the most prevalent isolate, we also analyzed the invasiveness of 
this group in relationship to source (table 3). The average invasiveness of S. derby isolates 
recovered from different sources was: the chopped meat batch (n = 1, 17.33%), fecal contents 
(n = 28,8.99%), cecal contents (n = 66,9.33%), prewash carcass swabs (n= 18, 6.71%), and 
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postwash carcass swabs (n = 12,9.77%). There were no S. derby isolates categorized as non­
invasive. Only one S. derby isolate, isolated from cecal contents, was categorized as hyper-
invasive. 
DISCUSSION 
The objective of this study was to determine the invasiveness of S. enterica serovars 
isolated from various cull sow samples. This study was conducted because limited invasion 
information was available for a variety of serovars (1,4,5,14,18). This study included 
multiple serovars from various sources. 
The wide range of invasiveness among different serovars we found is consistent with 
previous studies (2,4,15,16,18,30). In general, most isolates displayed an invasiveness that 
would lead to a typical clinical outcome. That is, most of the isolates fell within either the 
"normo-invasive or "hyper-invasive" categories (J). Three isolates fell outside of these 
categories although it is unclear if these strains have a truly altered pathogenic profile. 
Invasiveness was not different when S. enterica was isolated by itself or with another 
serovar from the same tissue (data not shown). One reason there may have been no 
difference could be due to the limited number of serovars isolated versus multiple serovars 
isolated from cull sow tissues. In this study, S. derby was the only serovar isolated with 
another serovar more than four times. The rest of the serovars were isolated less than four 
times. One reason for this could be due to only picking one or two colonies per positive 
plate. Selection of more than two to three colonies might have provided a better indication of 
multiple serovars per positive sample. Also, the S. derby isolates might not be related to each 
other. Further genotyping analysis, to differentiate specific strains of the S. derby may 
indicate multiple clones per tissue or sow. 
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In summary, the study presented herein illustrates a normal pattern of virulence for 
salmonellae associated with cull sows. Therefore, it appears that this group of food-
producing animal does not represent a significantly greater risk to food safety. 
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Table 1. S. enterica serovars (number tested) with their corresponding average and range of 
invasion (%) profiles. 
Serovar (n) Invasion (%) Range Non- Hyper-
Invasive8 Invasive11 
Derby (165) 10.06 0.4-33.6 1 
Brandenburg (28) 13.14 0.6 - 32.0 
Infantis (20) 7.29 2.2-18.0 
6,7-zlO-Monophasic (22) 9.87 0.4-17.8 
Hadar (14) 10.48 1.3-20.4 
Reading (12) 0.97 0.04-7.3 2 
Johannesburg (9) 8.31 2.2-15.8 
Manhattan (9) 5.21 2.0-13.3 
Heidelberg (8) 4.95 1.6-10.8 
Uganda (7) 7.56 2.5-18.0 
Ohio (5) 3.46 2.7-4.2 
Typhimurium (5) 6.16 3.3-11.6 
Anatum (4) 7.73 3.9-12.6 
Tennessee (4) 6.08 5.0-7.0 
Muenchen (3) 4.6 0.6-7.2 
Give (2) 3.55 1.9-5.2 
Newport (2) 9.95 6.7-13.2 
Senftenberg (2) 18.7 9.9 - 27.5 
Worthington (2) 3.3 1.4-5.2 
3,10:R-Monophasic (1) 19.1 
Agona(l) 3.6 
Bovis-Morbificans (1) 10.9 
Havana (1) 16.0 
London (1) 3.5 
Muenster (1) 5.6 
Thompson (1) 8.8 
Typhimurium 29.2 
(Copenhagen) (1) 
Total Average (331) 9.21 0.04-33.6 2 1 
8 Non-invasive = <0.1% 
b Hyper-invasive = > 33% 
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Table 2. S. enterica serovars isolated from cull sow feces, tissues, and their environment 
(number tested) with corresponding average and range of invasion (%) profiles. 
Sample (n) Invasion % Range Non- Hyper-
Invasive8 Invasive5 
Fecal Contents (42) 9.07 0.6 - 29.2 
Cecal Contents (147) 8.81 0.4 - 33.6 1 
Ileocecal lymph node (50) 10.19 0.4-26.9 
Ventral thoracic and subiliac 5.15 2.0-7.7 
lymph nodes (4) 
Prewash Carcass Swabs (28) 6.44 2.3-19.1 
Postwash Carcass Swabs (13) 9.85 1.4-28.4 
Chopped Meat Batche,d (19) 17.11 1.2-32.0 
Environmental6 (6) 4.77 0.2-12.6 
Penf(21) 8.21 0.04 - 27.5 2 
Pen Water8 (1) 6.9 6.9 
Total Average (331) 9.21 0.04-33.6 2 1 
CS = Carcass swabs - 300 cm total area consisting of the ham, belly, and jowl. 
8 Non-invasive = <0.1% 
b Hyper-invasive = > 33% 
e Batches consisted of approximately 5-cm cubes, containing seven to nine sows and sub 
sampled three or six times. 
d Consisted of ten sows and sub sampled three times (six samples per treatment per visit). 
e Serotypes recovered from the slaughter floor. 
f Serotypes recovered from the holding pen floor. 
8 Serotypes recovered from the holding pen water trough. 
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Table 3. S. derby isolated from cull sow feces, tissues, and their environment (number tested) 
Sample (n) Invasion % Range Non-
Invasive" 
Hyper-
Invasiveb 
Fecal Contents (28) 8.99" 1.2-22.0 
Cecal Contents (66) 9.33b 0.4-33.6 1 
Ileocecal lymph node (17) 
Ventral thoracic and 
11.45 
6.20 
3.0 - 26.9 
5.3-7.7 
subiliac lymph nodes (3) 
Prewash CS (18) 6.71b 2.3 -10.6 
Postwash CS (12) 9.77b 1.4-28.4 
Chopped Meat Batch0 (16) 
Pen (5) 
17.33" 
12.62 
7.5-31.9 
7.3-18.2 
Total Average (165) 10.06 0.4-33.6 0 1 
a Non-invasive = <0.1% 
b Hyper-invasive = > 33% 
c Batches consisted of approximately 5-cm cubes, containing seven to nine sows and sub 
sampled three or six times. 
d Serotypes recovered from the holding pen floor. 
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GENERAL CONCLUSIONS 
The overall objectives of this research were to first determine the overall prevalence 
of S. enterica in a given population of cull sows, secondly to apply control measures to lower 
the prevalence of S. enterica, thirdly was to use epidemiological tools to investigate the 
origin of S. enterica serovars isolated from the farm, live hog market, and abattoir, and lastly 
to determine invasiveness of S. enterica serovars isolated from cull sow feces, tissues, and 
environmental samples, as measured by an invasion assay. 
The total average percent positive fecal samples at the farm, the live hog market, and 
abattoir were 3% (5 of 181), 2% (3 of 181) and 41% (74 of 180), respectively. There were 
12 serotypes recovered at the abattoir that were not previously encountered at the farm or live 
hog market. It would be expected that there would be a variety of serotypes for these sows to 
acquire before slaughter at the live hog market and abattoir holding pens. These preliminary 
findings suggest there may to be a threshold of positive tissue samples before meat block 
batches become positive. The fewer tissue samples that are S. enterica-positive, the less 
likely it seems that the meat block batches will be positive. Therefore, having less S. 
enterica-positive sows coming into the slaughter facility will decrease the chance of positive 
meat block batches at the end of the harvest process. 
S. enterica was isolated from 44% (35 of 80) of no-hold sows compared to 59% (47 
of 80) of sows held in lairage. For no-hold sows, 39% (31 of 80) of cecal contents yielded S. 
enterica compared to 55% (44 of 80) of cecal contents from held sows. There were a total of 
seven different S. enterica serovars isolated from the abattoir pen floor prior to occupancy by 
cull sows. Also, every time the abattoir holding pen was sampled, it was positive for S. 
enterica. 
116 
There were high levels of resistance to streptomycin and tetracycline. Of all the 
serovars tested, we found S. derby had the highest frequency of resistance to multiple 
antibiotics (>2). Matches were found between S. enterica serovars having the same 
antimicrobial resistance profiles at the farm, abattoir, and chopped meat batch. These 
preliminary findings indicate that chopped meat blocks may be contaminated from S. 
enterica infected lymph nodes or isolates that survive the lactic acid carcass wash from fecal 
contamination on carcass sides. 
We isolated invasive S. enterica strains from different animals and tissues. Invasive 
serovars isolated in the lymph nodes (the ventral thoracic and subiliac lymph nodes), could 
then be recovered in the meat block containing tissues with lymph nodes in them. Therefore, 
lymph nodes could be used as indicators of carcass associated contamination of whole 
carcass chopped meat batches. 
This research demonstrates that cull sows are a potential source for S. enterica 
contamination of pork products and control measures may be needed. These preliminary 
findings indicate that holding pens contribute to S. enterica carriage in cull sows. Thus, the 
abattoir holding pens are an important critical control point for S. enterica entry into the pork 
production chain. As a result, future research should focus on interventions to reduce the 
prevalence of S. enterica in holding pens at the abattoir or live hog market. 
Antimicrobial resistance profiles, as an epidemiological tool, demonstrate that there is 
a high percentage of S. enterica serovars isolated in cull sow tissues resistant to streptomycin 
and tetracycline. These preliminary findings indicate that chopped meat blocks may be 
contaminated from S. enterica infected lymph nodes or isolates that survive the lactic acid 
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carcass wash. Control measures should be implemented specifically aimed at the S. enterica 
that pose a food safety risk for human salmonellosis. 
Lastly, S. enterica isolates with higher average invasion values were isolated from the 
chopped meat batch compared to those from the fecal contents, cecal contents, ileocecal 
lymph nodes, ventral thoracic and subiliac lymph nodes, prewash carcass swabs and 
postwash carcass swabs. This observation suggests that salmonellae with higher 
invasiveness also are better able to survive the lactic acid carcass wash and/or invade and 
survive in lymph nodes are more likely incorporated into the chopped meat block. 
Determining why S. enterica serovars are different in invasiveness may be a potential area 
for a S. enterica intervention. Future research should focus on interventions to reduce the 
prevalence of tissues containing pathogenic S. enterica and the environment (abattoir pens) 
where swine may be infected. 
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